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An increase in difficulty both in supplying sufficient energy to meet demand and in 
providing adequate capital for investment in the power industry has prompted the Thai 
government to put intensive effort into focusing Thailand's national energy policy on 
increasing production capacity of local energy while stabilising growth in energy demand. A 
number of energy policy programmes aiming to serve this effort have been proposed and 
some have been implemented. 
Certainly, these policy measures would affect, to some extent, the balance of energy demand 
and supply in Thailand. However, due both to the long delay and to the complexity 
underlying dynamic behaviour of the energy system, it is necessary to understand such 
policy options and investigate their long-term effectiveness before implementation. This is a 
resource- and time-consuming process and frequently could delay decisions and actions. 
With the advent of personal computers and graphical programming, a policy-based model of 
a complex system can be formulated to explore dynamic consequences of such a system. 
This model can also be tested under different policies and conditions, to ultimately provide 
information on which to make decisions. 
This thesis analyses the dynamic behaviour of Thailand's energy system. The insight 
obtained from the analysis is then used to develop a computer simulation model "TEEM" 
proposed to be used as a tool to assess the long-term effectiveness of alternative energy 
policy measures. 
In this model, causal structure and feedback control mechanisms are identified in the context 
of the interrelationships between components of energy and other related sectors i.e. 
population and production sectors in the Thai economy. Based on such causal mechanisms, 
the model successfully generated output that gives benchmarks for providing a means for 
assessing long-term consequences of current energy policies and thus testing possible policy 
alternatives. 
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CHAPTER 1: INTRODUCTION 
1.1 Thesis background 
Thailand is located in the South-East Asian Continent, surrounded by the neighbouring 
countries Cambodia to the East, Myanmar to the West and North-West, Lao PDR to the 
East and North-East and Malaysia to the South (Figure 1-1). With a humid tropical climate, 
the average temperature is in the region of 24-33 Celsius. In 1995, the population of 
Thailand was estimated at about 60.2 million, 1.2 % higher than the previous year'. With the 
GDP growth rate about 7 % per year from 1987 to 1995 and over 10 % during the period of 
1987-1990 34  2, together with the transition of Thai economy from agriculturally-based to one 
that is based on industry, Thailand has been recognised as one of the more advanced 
developing countries in Asia. 
In line with its economic growth and transition, recent years have seen significant changes in 
growth and patterns of energy consumption in all sectors of the Thai economy. Over the past 
10 years, final energy demand has increased at an average rate of 10 % per year  while the 
consumption pattern has also shifted away from being fairly traditional (i.e. firewood, 
charcoal and crop residues) towards commercial energy (which is based primarily on fossil 
energy). Over the same period, the share of commercial energy in the final energy demand 
has increased from 64 % to 76 %, at the expense of traditional energy (which has decreased 
correspondingly from 36 % to 24 % over the same period). 
Thailand is not rich in energy resources. While the level of local fossil energy production is 
low due to the limited size of recoverable reserves (resulting from the country's geological 
complexity 6), hydro power, though abundant, is confined to only small schemes as a result 
of increased environmental constraints and resource- use contradictions. With limitation of 
domestic supply sources, the increase in energy demand and shift of demand pattern towards 
fossil energy has led to excessively high energy imports (about 46 % of primary energy 
supply and 94 % of oil and oil products in 1995 were met by imports 5) and would lead to 
even greater imports if the domestic energy sources become depleted. 
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Figure 1-1 	Map of South-East Asia 
Southeast Asia  
CHINA 


















Source: Central Intelligence Agency, 1997 
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In addition to the import dependence, the increase in commercial energy consumption 
especially electrical energy has also imposed a significant burden on the country's budget 
balance. During the period of the sixth development plan (from 1987 to 1991), for example, 
capital investment in the energy sector of public sector alone was about 28 % of total 
government expenditure (or accounted for 4 % of total capital investment of the country) 2,8 
If the trend in energy demand remains unchanged, it is expected that investment in the 
energy sector will continue to increase  and this will have a significant impact on both 
government and private investment and eventually on investment allocation and funding 
policy of the country. 
The current trends in both energy imports and capital requirements must be addressed by 
Thai energy policy makers. There is a need for the country to put intensive effort into 
focusing the national policy to confront these problems. This effort should be well planned in 
advance due both to the long time required for policies to have their full effects and to 
complexities underlying the interaction of the energy system with other systems in the 
economy. 
This study presents the development and use of a computer simulation model as a tool to 
investigate and assess the dynamic behaviour of Thailand's energy system under different 
policies and conditions. During the course of study, the interrelationships between the energy 
system and other systems in the Thai economy is first explored. The knowledge gained from 
the study is then used as an input to build a dynamic model of Thailand's energy system 
called TEEM (standing for Thailand Energy Economic Model). This model is then used to 
test the effectiveness of alternative energy policies. 
12 Objectives of the study 
The objectives of this study can be summarised as follows: 
To gain an insight into the past, present and future trends of Thailand's energy situation. 
To explore and understand the underlying causes of Thailand's energy situation 
and trends. 
To build a computer simulation model for Thailand's energy system. 
To test the effectiveness of alternative policies by using a dynamic simulation 
model. 
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13 Organisation of thesis 
The thesis is organised into nine chapters. 
In Chapter 2, the methodology on which the construction of the Thailand energy economic 
model (TEEM) is based is summarised. An overview of the whole TEEM, including its 
composition, underlying concepts and fundamental structure is also discussed in this chapter. 
This chapter is important since it provides a foundation for the understanding of TEEM. 
As TEEM consists of five sub-models of five sectors in Thai economy: energy demand, 
electricity, fossil energy, production and population sectors, Chapters 3 to 7 detail the 
building of these five sub-models. These chapters discuss and describe, using descriptive, 
tabular and graphical forms, the causal mechanisms underlying the sector's dynamic 
behaviour, beginning with the energy demand sector in Chapter 3, followed by the electricity 
sector in Chapter 4, fossil energy sector in Chapter 5, production sector in Chapter 6 and 
population sector in Chapter 7. Because these five chapters are dedicated to discussion and 
description of the formation of sectoral sub-model, they are all presented in the same format 
outlined as follows: 
• In Section 1 and 2 of each chapter, the background to a sector or sub-model and sub-
model's simulation purpose are first discussed. This gives an overview of the present 
situation of the sector. 
o In Section 3, the historical behaviour of a sector is presented in both descriptive and 
graphical forms of the key variables of the sector. This section is important since it 
presents reference frameworks or reference trends which each sub-model must duplicate 
to pass a first test of confidence. 
• In Section 4, basic concepts and causal structure upon which the sub-model is based are 
discussed and presented in both descriptive forms and flow diagrams. 
o Section 5 presents major equations of in each sector. This is done in considerable detail 
since it discusses both underlying assumptions and sources of values assigned to the 
model's parameters. 
4 
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o In Section 6, each sub-model is finally simulated independently as a hindcast and 
forecast. This is important since it is necessary to test the simulation ability of each sub-
model before being combined together as a whole TEEM in Chapter 8. In this section, a 
comparison is made between the sub-model's hindcast and historical data of the sector. 
The validity of the output obtained from the sub-model's projection runs and the 
possibility of using it as a benchmark for the results obtained from running TEEM as a 
complete model (presented in Chapter 8) are discussed. 
• Section 7, the last section of each chapter, summarises the formulation and outcome of 
the sub-model. 
Chapter 8 presents the simulations of TEEM as a complete model (five sub-models are 
combined together). It demonstrates how TEEM works and how to use TEEM as a 
laboratory tool to investigate the effectiveness of alternative policies, all of these are a prime 
objective of building TEEM. The presentation is outlined as follows: 
• Section 8. 1, the introduction to this chapter, restates, in brief, the structure of TEEM. 
The concepts and major assumptions upon which TEEM's sectors are based are also 
given briefly. 
Section 8.2, TEEM's historical runs, presents outcome obtained from TEEM's historical 
run. The ability of TEEM to duplicate the historical framework is also discussed. 
• Section 8.3, TEEM's reference runs, illustrates the outcome obtained from running 
TEEM to 2050. A comparison is drawn between these results and that of independent 
sub-models together with the values of outputs to be used as a means of assessing the 
long-term consequences of current policies and thus testing and establishing alternative 
polices. 
• Section 8.4. In this section, sensitivity tests on TEEM are presented and discussed. 
o Section 8.5 : policy analysis with TEEM. The purpose of building TEEM is to help 
policy makers assess the relative effectiveness of alternative energy policies. In this 
section the achievement of such purpose is presented. The section starts with the 
presentation of how alternative policies together with assumed conditions are 
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incorporated. Then the outcome obtained from each policy test is discussed and 
compared. 
Section 8.6: chapter summary. This section summarises the simulation of TEEM's 
historical runs, reference runs, sensitivity test and policy analysis. 
Chapter 9 discusses the major findings of building TEEM and its achievement. Conclusions 
are drawn on the advantages and disadvantages of using TEEM to investigate policy 
measures. Finally future possible research that might be carried out in this field is 
recommended. 
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CHAPTER 2: AN OVERVIEW OF TEEM 
The first section briefly discusses a technique used to develop TEEM. An overview of 
building TEEM based on this technique is provided in the second section of this chapter. 
2.1 Technique used for developing TEEM 
The primary objective of this study is to construct a model to represent Thailand's energy 
system and that might be used as a tool for assessing the long-term energy policy decisions. 
Based on such an objective and due to the complex nature of the energy system itself, this 
model has the following characteristics : a long-term perspective, non-linear dynamics, 
extensive feedback mechanisms and it is interactive and readily responds to changes in 
policy or conditions. 
For these reasons, this study employs the System Dynamics Simulation Technique, designed 
specifically for the simulation of a complex model and used in the development of TEEM. 
2.1.1 Overview of system dynamics simulation technique 
System dynamics is a subset of the larger field of simulation modelling and was developed 
at Massachusetts Institute of Technology (MIT) during the 1950s, primarily by Jay W. 
Forrester who brought together ideas from new-control engineering, cybernetics, and 
organisational theory 10  (detailed in reference 10). From these basic ideas, a set of 
representational techniques for simulating complex, non-linear and feedback-rich systems 
was developed and has grown to provide a single framework for understanding the behaviour 
of electronic, chemical, biological, and social systems whose elements interact through time 
to produce system changes'. 
(A detailed description of the system dynamics approach is available in "Principle of 
 12 Systems".) 
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2.1.2 Typic1 characteristics of system dynamic models 
System dynamics models are formulated based on the assumption that any change in a 
system is caused by a feedback structure and interactions between elements in the system. 
Thus they usually have the following characteristics 10 : 
• Most variables in system dynamics models occur in feedback relationships and are 
mostly endogenous. Factors influencing the systems from outside without being 
influenced by other factors in the model are represented as exogenous variables. 
. Due to the focus on feedback, the models are made up of many loops linked together and 
are basically close-system representations. 
2.1.3 The process of system dynamics simulation 
TEEM is developed based on the following steps of the system dynamics simulation 
technique 13  outlined as follows: 
Problem identification and definition. In this stage, the problems of Thailand's energy 
system and the root causes are identified and addressed by reviewing related literature and 
historical records. 
System conceptualisation includes the process of defining problems dynamically and 
representing the feedback structure of a model with causal and flow diagrams. In this stage, 
the problems of Thailand's energy system and their underlying causes are defined verbally 
and graphically. Then variables with possible influential effects on the energy system's 
behaviour are bounded together in the form of causal and flow diagrams. 
Model representation includes the translation of the flow diagrams into mathematical 
forms, the assignment of parameter values and the specification of TEEM's empirical 
functions. 
Analysis of model behaviour. This stage deals mainly with the simulation runs of TEEM, 
including historical and reference projection runs. While the former is carried out from 1970 
to 1995 to mimic past behaviour of Thailand's energy system, the latter is conducted from 
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1996 to 2050 to project the energy system's future behaviour. 
Model evaluation. Two sets of evaluations are carried out to test the validity of TEEM. 
Firstly, TEEM is evaluated as a model to represent Thailand's energy system. This is done 
by comparing the historical runs with the historical data. Secondly, TEEM is evaluated as a 
benchmark. This is done by carrying out a sensitivity analysis on TEEM. 
Policy analysis. In this stage, alternative policies are introduced to TEEM by modifying 
related parameter values or structures. The results obtained from running TEEM with 
alternative policies are then analysed and compared with those from reference runs. Finally, 
the effectiveness of the policy alternatives is assessed. 
It should be noted here that these steps are not conducted in any sequence. Rather, they are 
carried out in a cycling process during which any step can be repeatedly processed until the 
system is properly modelled, indicated by generating a provable and explainable set of 
model results. The repeat of the model development processes is stated by Richardson 13  and 
Rander 14 that 
"The system dynamics modelling process does not orderly follow each other in a 
tidy sequence, instead, it is a progression of a number of stages carried out in a 
cycling process which starts and ends with understanding of a system and its 
problem ". 
The simplified diagram of how TEEM is developed based on Richardson's diagram' 3 , shown 
in Figure 2-1 
2.1.4 Computer language used in programming TEEM 
STELLA II is a commercially available graphical programming language developed by High 
Performance Systems, Inc. 15 specifically for analysing system dynamics models. As a 
graphical programme, STELLA allows a modeller to use the programme's graphical tools 
and functions to build dynamic models (by reflecting the interactions between model 
elements) and this enables the modeller to spend the majority of his/her time and effort on 
understanding and investigating the features of a dynamic system, rather than writing a 
programme that must follow some complicated, unintuitive 5yfltax 16 . Although the system 
dynamics models can be programmed either in general-purpose language such as FORTRAN 
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or BASIC' °, due to the ability of STELLA mentioned above and as a matter of convenience, 
STELLA II was employed to program TEEM. 
Figure 2-1 	An overview of TEEM's development process 
understanding of system 
7/ 
policy analysis / problem definition 
sim a ion system conceptualisation 
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2.2 An overview of TEEM 
2.2.1 Energy balance 
The different steps in the flow of energy from primary production (and import) to the end 
use of energy in any economy are defined by Kleinpeter' 7 as follows: 
• Primary energy is energy which has not been subjected to conversion or transformation 
process. 
• Secondary energy is energy which has been produced by the conversion or 
transformation of primary energy or another secondary energy. 
e Final energy is energy made available to the consumer before its final conversion 
• Useful energy is energy made available to the consumer after its final conversion. 
10 
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In TEEM, only the first three steps of the energy flow (the flow from primary sources to 
final utilisation) are traced. 
Figure 2-2 illustrates the flow of energy from primary supply to final utilisation represented 
by TEEM. The figure illustrates that the utilisation of final energy in Thailand can be 
grouped into three main products : fossil (oil, gas and lignite), electrical and traditional 
energy (mostly biomass), each of which needs to be converted or transformed from primary 
energy or secondary energy. During the transformation a certain amount of energy is lost. 
Therefore the quantity of final energy used by consumers is always less than the quantity of 
primary energy supply which in the case of Thailand comes from domestic production and 
imports. 
Figure 2-2 	Thailand's energy flow 
Primary energy supply 
Transformation 
domestic 
	 Final Energy 
production 
Loss in conversion, transmission and own use 
* Due to uncertainty of supply, non conventional renewable energy such as solar or wind energy is not 
included in this study. 
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2.22 Thailand's energy dilemma 
The rapid increase in final energy demand in Thailand over the past 25 years was met by a 
significant increase in the country's primary energy supply. Figure 2-3 illustrates that when 
the final energy demand increased from 8 Mtoe in 1970 to 48.8 Mtoe in 1995, in an average 
increase of 7 % per annum, the primary energy supply grew from 10.3 Mtoe to 73.4 Mtoe, in 
an average increase of 8 % per year over the same period. As mentioned earlier, a certain 
amount of energy is lost during conversion or transformation process. The difference 
between final energy demand and corresponding primary energy supply shown in Figure 2-3 
was mainly caused by such losses. 
Figure 2-3 	Trends of final energy demand and primary energy supply 
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Ideally, a country's energy demand should be met and balanced by domestic supply. In the 
case of Thailand, this is impossible due both to the rapid increase in demand and lack of 
domestic energy sources. The increase in the country's final energy demand means possible 
excessively high proportion of energy imports. As show in Figure 2-4, due both to the rapid 
increase in demand and to the shift of demand away from traditional to commercial energy, 
energy imports increased significantly from 9.4 Mtoe in 1985 to 33.8 Mtoe in 1995, an 
average increase of 14 % per annum. 
12 
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Figure 2-4 	Primary energy supply, domestic production and energy imports 
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Figure 2-5 illustrates levels of capital investment in the energy sector by the Thai public 
enterprises in each period of the country's five-year national development plan*.  The figure 
shows that the investment increased significantly especially from 1986 onward, 
corresponding to the significant growth in final energy demand (shown in Figure 2-3) during 
the same period, leading to increased investment in both fossil energy production and 
electricity industry. 
As mentioned earlier Thailand is not rich either in energy or in capital resources. The rapid 
growth in demand for energy, leading to a high level of imports and accelerated domestic 
production has imposed a significant burden on the country's annual energy and budget 
balance, not to mention increased environmental problems brought about by energy 
production, transformation and utilisation. 
The five-year national development plan is Thailand's national economic and social development 
plan, each lasting for 5 years. 
13 
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Figure 2-5 	Capital investment (current price) in energy sector of Thai public 
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2.2.3 TEEM's purposes 
As TEEM is proposed to be used as a tool for the assessment of alternative energy policies, 
two questions need to be answered by TEEM's simulations. They are: 
• if there is no redirection of current energy policies, what would be a likely behaviour 
pattern of the country's energy demand- supply balance and of the capital 
investment in energy sector? 
• Based on policy analysis with TEEM, by how much relatively will the future 
behaviour of Thailand's energy sector be changed? 
2.2.4 TEEM's structural assumptions 
Figures 2-3 and 2-4 show an increase in quantity of final energy demand and primary energy 
supply over time. Past evidence confirms that this increase was caused by a number of socio-
economic factors (detail in Chapter3), such as an increase in the country's population and 
production output. Baum and Talbert 18 , for example, have pointed out that 
"Energy is an input or output in almost al/productive activity; consequently, there 
are strong and intimate links between energy and the rest of economy ". 
In 1995, 1 US$ = 25 Bahts. 
14 
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The assumptions on causal relations between energy sector (here represented by energy 
demand) and possible influencing factors are shown in Figure 2-6. 
Figure 2-6 shows structural assumptions of TEEM in the form of causal loop diagram. In this 
diagram, the interactions between TEEM's principal elements are shown by arrows leading 
from each element to other elements that might be influenced by changes in that element. 
The polarity of each causal influence is indicated by a plus or minus sign near the head or the 
middle of the arrow. A positive polarity means that an increase in the first element will cause 
an increase in the second (and a decrease will cause a decrease). A negative polarity means 
that an increase in the first element will produce a decrease in the second (and a decrease 
will produce an increase). For example, an increase in final energy demand in TEEM is 
assumed to be caused by an increase in production output, therefore the arrow between these 
two elements are assigned by the positive sign. It should be noted here that the interactions 
between elements of TEEM's sub-sectors (described later) are expressed by the causal loop 
diagram throughout the study. 
Figure 2-6 	TEEM's structural assumptions 
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2,2.5 TEEM's sectors 
Based on causal assumption shown in Figure 2-6, TEEM is divided into five sectors which 
are individually sub-modelled in TEEM as energy demand, electricity, fossil energy, 
production and population sub-models. These five sub-models of the five sectors work 
together to produce output reflecting Thailand's energy flows. Each of these is discussed in 
greater detail in Chapters 3 to 7 and summarised as follows: 
Energy demand sector. The energy demand sector determines quantity and type (electricity, 
fossil and traditional energy) of final energy required to conduct both production and 
consumption activities in sectors of the Thai economy, i.e. agricultural, industrial, service, 
domestic and transportation sectors. Both the type and quantity of final energy demand are 
then used as input for the simulation of TEEM's electricity and fossil energy sectors. 
Electricity sector. The electricity sector generates electricity to meet demand. To provide 
sufficient electricity, the sector adjusts level of power generation from existing installed 
capacity and then adjusts the available installed capacity by varying capital investment in 
power industry. This is done in response only to electricity demand pressure (in Thailand, 
the electricity utilities are operated under state control, so the profit incentive is not a prime 
concern. In TEEM's electricity sector, the profit incentive is not simulated). The behaviour 
of the electricity sector summarised above is simulated in TEEM's electricity sector, the 
outcome of which is used as input for the simulation of TEEM's energy demand and 
production sector. 
Fossil energy sector. The fossil energy sector simulates the behaviour of fossil energy 
production over the time period of 80 years. This simulation is done in response to demand 
for fossil energy from the electricity sector (where fossil fuel is burnt to generate electricity). 
However, because the fossil energy sector must satisfy the country's total demand for fossil 
energy (the demand from electricity sector mentioned earlier plus the fossil energy utilised 
directly from energy demand sector), the rest of the demand (the demand from electricity 
sector that is not fulfilled by domestic production and that from energy demand sector) is 
assumed to be met by imports. 
In this sector, capital investment decisions made by fossil energy companies are simulated 
explicitly. These decisions would affect directly capital investment in the energy sector, 
16 
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thereby influencing the country's total capital investment which is simulated separately in 
TEEM's production sector 
Production sector. The production sector simulates both the size and composition of the 
country's production output (industrial, service and agricultural outputs). The outcome from 
this simulation is then used as input to TEEM's energy demand and population sectors. 
Energy demand in the industrial sector, for example, was assumed in TEEM to change with 
the level of industrial output produced in each year. Population growth rate also changes 
with level of available industrial and service output. 
Population sector. Population sector plays important role in determining the level of 
production output available for each Thai citizen and the quantity of final energy demand 
from domestic sector. In TEEM the dynamics of Thai population is simulated and then used 
as an input in energy demand and production sector. 
The sectoral map of TEEM illustrating the interactions between TEEM's sectors are shown 
in Figure 2-7. 
Figure 2-7 	TEEM's sector map 
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Figure 2-7 shows the sector map of TEEM. The arrows between sectors indicate there are 
interactions between such sectors. These interactions are caused by the causal relations 
among variables within and outwith the sectors as described earlier and illustrated in Figure 
Figure 2-8 	TEEM's structure 
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Figure 2-8 shows the interactions between the principal elements within and outwith the 
sectors of TEEM in the form of system dynamics flow diagram, giving more detail about the 
interactions (and this flow diagram format is used to represent interactions in TEEM 
throughout the study). In the figure, there are four distinguished types of structure variables 
or elements presented, i.e. "levels", "rates", "auxiliaries" and "clouds". These variables are 
represented by symbols shown in figure 2-9 and described as follows. 
Figure 2-9 	Symbols used in TEEM's flow diagram 
Level or state or stock variable 
Rate or flow variables 
C) 	Auxiliary or converter 
Cloud 
Connector 
Levels or state or stock variables, represented by rectangles, reflect the condition within the 
system at a point in time. In TEEM, electricity installed capacity, fossil energy capital, 
recoverable reserves of fossil energy, industrial or service capital and population are 
variables represented by state variables, the quantity of which varies at any point in time. 
Rates or flow variables are depicted by pipes with valve. As the model is run over time, 
"Rates" work to affect change in the levels. The direction of positive flow is indicated by the 
arrow-head. In TEEM, fossil energy production, investment in power industry or population 
growth are examples of the rate or flow variables, their changes affecting reserves of fossil 
energy, available installed capacity or population, respectively. 
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Clouds are the level variables that are dynamically unimportant and therefore placed outside 
the boundary of the model. They represent things that need not to be known exactly from 
where they come or will be terminated (usually sources or sinks of state variables e.g. sink of 
fossil energy or population). The cloud is represented by a cloud symbol. 
Auxiliaries or converters are represented by circles. Since converters convert input to output 
(this input can be information or material quantities), they play an important role fleshing out 
the detail of stock-flow processes. Converters, like stocks, exist at a point in time. Unlike 
stocks, they do not accumulate rates or flows. Final energy demand, electricity generation or 
industrial output are examples of auxiliary variables in TEEM. 
Connectors. In the diagram shown in Figure 2-8, the system dynamics flow diagram symbols 
are connected by connectors, arrows with a small circle at the beginning of the arrows, 
reflecting the assumptions about "what depends on what" in the structure of TEEM. 
2.2.6 TEEM's time horizon 
The state variables in TEEM have different life time. For example, a life time of hydro 
power plant was estimated at about 50 years while that of fossil-fired power plant was about 
25 years. In order to capture the lifetime of state variables, TEEM's time span was set at 80 
years (1970-2050). 
2.2.7 Evaluation of TEEM's value 
After the feedback structure has been established and quantified, TEEM is ready to be set-up 
on a computer to calculate values for variables over time from the entire structure, based on a 
set of parametric assumptions. Various different assumptions and conditions can also be 
incorporated into the model and tested. During the different simulations, TEEM will 
produce output to be evaluated its validity, leading to the confirmation of its usefulness. In 
TEEM, the evaluation is done by comparing the output with the real system's 
characteristics, the criteria of which are the following. 
20 
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o TEEM's historical runs should resemble the historical behaviour modes of 
corresponding elements in Thailand's energy-economic system. 
• TEEM's reference runs should produce future behaviour following an understandable 
path within a reasonable ranges of values of variables. Moreover this behaviour should 
not be oversensitive with the model's parameter changes. 
It should be emphasised here that although TEEM is able to produce outcome meeting the 
above criteria, it is not a perfect representation of energy system of the country. TEEM will 
not be able to answer all questions about the energy system nor it will make a highly 
accurate predictions. Based on this fact, the usefulness of TEEM should be evaluated in the 
way that TEEM will be a benchmark of what is likely to occur in the future if conditions and 
policies are not changed and that it will provide the bases for quantitative comparisons of 
different policy options and thus supporting energy policy decisions. 
2.2.8 Sources of Data 
TEEM was formulated and simulated, based on data from several sources grouped as 
follows: 
• Energy data. Most energy data used in TEEM was obtained from the reports on 
Thailand's energy statistics (which consists of 3 volumes: Thailand Energy situation 5 , 
Oil and Thailand 19  and Electrical Power in Thailand 20) published annually by the 
Department of Energy Development and Promotion, Ministry of Science, Technology 
and Environment. 
Economic data. The economic data used in TEEM from 1980-1995, derives from 
Thailand's National Income 2,3  published annually by the National Economic and Social 
Development Board, Office of Prime Minister. The data from 1970-1976 was obtained 
from the Yearbook of National Account Statistics  published by the United Nations 
(UN). 
Population data. The population data from 1970-1988 was extracted from the 
International Historical Statistics 21.  For that from 1989-1995 was taken from the annual 
Demographic Yearbooks 22  published by the United Nations. 
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2.2.8 Units used in TEEM 
Energy unit. To provide a uniform measure and a consistency of energy unit with 
Thailand's energy flow, volumes of all kinds of energy in TEEM are measured in the 
value of oil equivalent such as ton of oil equivalent (toe) or kiloton of oil equivalent 
through out the study unless specified. 
Money unit. In TEEM, money is measured in Thai baht. However, to avoid the effect 
of currency fluctuations and given that 1970 is the normal year (base year) of TEEM, the 
baht here is referred to the value of a baht in real terms and constant at the year 1970. 
The exchange rate of a baht to US$ was made at 20.8 bahts per 1 US$ 23 . 
22 
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3.1 Introduction 
The sectors of Thailand's energy system (energy demand, electricity, and fossil energy) are 
highly interdependent. Any change in behaviour of one sector will affect the future 
behaviour of all sectors. For example, an extensive shift from directly utilising traditional 
energy (i.e. firewood, charcoal and crop residues) in end-use level to electricity will 
inevitably affect development plans of the electricity industry, thereby leading to increased 
demand for fossil fuels. With such a high level of interconnection between energy sectors, 
the formulation of national energy policies, either supply-side or demand-side oriented, has 
to rely heavily on a knowledge of both energy demand and supply. 
Both the energy demand and supply sector are simulated in TEEM. This chapter deals with 
only energy demand simulation and is dedicated solely to discussing and describing the 
formulation of energy demand sub-model. The following sections present the purposes of the 
energy demand sub-model. Then the historical behaviour of Thailand's energy demand 
sector is described. The concepts and assumptions on which the model is based, together 
with its structure and the description of major model equations are discussed and illustrated 
next. Finally, the model-generated behaviour is discussed. 
3.2 Simulation purpose 
TEEM's energy demand sub-model is formulated in order to simulate long-term behaviour 
of energy demand alongside other sectors' dynamics (of which detail is shown individually 
in their own chapters). The response of energy demand to its influencing factors, such as 
aggregated output growth, prices, and population is the main focus of this sub-model. 
During the simulation, an issue critical to the formulation of Thailand's energy policies is 
addressed, viz, the long-term growth and patterns of energy demand, given a current and 
likely future situation of the Thai economy and energy price. 
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3.3 Historical behaviour 
3.3.1 Energy consumption and economic transition 
Energy economists suggest a positive relationship between energy and economic growth, 
and Thailand is no exception. Over the past two decades, while the country experienced a 
consistent growth of the economy, its energy consumption also grew at the same or, in some 
years, higher rates. As Figure 3-1 illustrates, Thailand's real GDP grew by average annual 
rate of 7 % over the period 1970 to 1995. The corresponding average rates of increase in 
final energy use was substantial at 7.4 % per year. The same figure also shows that when 
Thailand entered a period of rapid economic growth (during the last 10 years) when the GDP 
grew by 10 % per annum in real terms, the consumption of energy grew at an average rate 
of 10.7 % per year. 
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The comparable growth between energy consumption and economic growth has also been 
confirmed by the historical correspondence between the growth of GDP and of energy use in 
Thailand (Figure 3-2). With this comparable growth, the aggregate energy intensity (final 
energy consumption per million bahts of GDP) of the country was more or less stable 
throughout the same period as shown in Figure 3-2. 
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3.3.2 Energy consumption by types of energy 
In line with growth of energy demand, the pattern of energy use of the country also shifted 
significantly. Figure 3-3 shows the composition of Thailand's final energy consumption over 
time. Fossil energy (direct fossil energy consumption) has comprised by far the largest 
fraction of final energy consumption, increasing from 48 % in 1970 to 63 % in 1995. This 
increase occurred apparently at the expense of traditional energy consumption, of which the 
share declined from 49 % in 1970 to 24 % in 1995. In the same figure, although the 
consumption of electricity accounted for only small proportion of final energy consumption 
(13 % in 1995), the rate of increase is extremely high, accounting for about 13 % per year 
from 1970-1995. Because the final energy consumption increased at 7 % per year over the 
same period, the share of electricity in final energy consumption increased consistently, as 
shown in Figure 3-3. 
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3.3.3 Sectoral energy consumption 
In 1995, Thailand's total final energy consumption represented 48.8 M toe, of which 
transport and industry contributed the first and second highest proportions, respectively, 
leaving the rest to be shared by domestic, service, and agricultural sectors (Figure 3-4). 
Figure 3-4 also shows that within the production sector, industry has played a leading role in 
terms of level of energy consumption. Its share of energy consumption has been far higher 
than both service and agricultural sectors over the same period. 
Figure 3-5 presents the share of energy consumption by sector over time. The domestic 
sector has lost its share in energy consumption to transport and production sector (industry 
plus agriculture plus service sectors), decreasing from 44 % in 1970 to 21 % in 1995, while 
that of production and transportation sectors increased from 35 % and 21 % to 40 % and 
39 %in the same period, respectively. The same figure also illustrates that during the past 10 
years the energy consumption of transportation sector has accelerated (growing with the rate 
of increase of 12 % annually), its share of energy consumption rose, reaching almost the 
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Figure 3-4 	Percentage of energy consumption by economic sector in 1995 
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3.4 Basic concepts 
3.4.1 Level of aggregation 
Analysis and comparison of the energy demand and its structure are needed at different 
levels of aggregation. The macroeconomic or energy policy decision makers need to know 
how much energy will be needed by major sectors such as industry, transport, or domestic 
consumption. Those energy planners will, moreover, want to break down these demands by 
major types of fuels and electricity to obtain greater forecasting accuracy. TEEM is a highly 
aggregated model, aiming to provide information supporting the country's energy policy 
decisions. The energy demand sub-model in TEEM is differentiated into three final energy 
products : fossil energy, traditional energy and electricity; and between five energy 
consuming sectors : domestic, transportation, industry, service and agricultural sectors. This 
differentiation is based on the following. 
• The main purpose of TEEM is to simulate Thailand's energy system in association with 
other systems of the Thai economy. The performance of the country's energy system as a 
whole is the main focus of TEEM. 
• Thailand's final energy demand comprises three main energy types : fossil, traditional 
and electricity. Within fossil fuel (which can be further divided into lignite; oil and gas), 
a consistent increase in demand for each type of fossil fuel can be seen. Because of this 
uniformity, no additional insight will be gained from dis-aggregating further fossil fuels. 
The demands for oil, gas and lignite in TEEM are grouped together, into a single amount 
of fossil fuel demand. 
• Different trends in and the structure of the energy consumption can be seen among 
energy consuming activities : domestic; transport and production (industry, services and 
agriculture) as shown in Figure 3-5 and Figure 3-6. The simulation of energy demand 
differentiated based on these activities will provide more accurate results. 
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• The Thai economy has been and will remain in transition : the economic structure has 
been diversified from agriculture toward industry or may be service in the future. This 
transition, measured by the proportions of output produced by each sector (industrial, 
agricultural and service sectors) will affect significantly the country's final energy 
consumption since different sectors have different levels and trends of energy intensities 
as shown in Figure 3-7. For example, an increase in the level of industrial output will, 
inevitably, increase the country's overall energy consumption because the energy 
intensity of industrial sector is relatively higher than other sectors. Considering energy 
demand trends affected by the proportion of output produced by each economic sector, 
the simulation of energy demand of the production sector is dis-aggregated further into 
industrial, agricultural and service sector's energy demand. 
• The dis-aggregation of energy demand of the production sector has to be comparable 
with the sectors (industrial, agricultural and service sectors) differentiated in the 
production sub-model presented in Chapter 6. 
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3.4.2 Factors determining changes in energy demand 
The basic purpose of TEEM's energy demand sector is to simulate long-term growth and 
types of energy demand in response to changes in their influencing factors. Due to data and 
time limitation at present, the influencing factors are confined to those that have been cited 
earlier by other scholars. They are the country's level of industrialisation, measured by level 
of per capita industrial output, and the average price of energy. 
3.4.2.1 Level of industrialisation 
Changes in energy demand and types of energy (such as a shift away from traditional to 
modern and more convenient energy) are often cited to be determined by growth and 
distribution of income or GNP or GDP 24,25  (Figures 3-1, 3-2 and 3-8). Often, this 
relationship is represented by the factor: income elasticity 26,27 - the percentage change in 
energy demand caused by a one percent change in income per capita. In their study on 
income elasticity of energy demand, Zilberfarb and Adams (cited in reference25), found 
that the average income elasticity for 13 developing countries is about 1.35, implying that 
the energy consumed in these countries increased more rapidly than their income as, they 
suggested, a result of industrialisation. 
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By plotting data on the levels of per capita industrial output against per capita energy 
consumption of 43 countries as shown in Figure 3-9, the variation of energy consumption 
with the level of per capita industrial output may be seen. The curve shown in Figure 3-9 
appears similar to that in Figure 3-8, i.e. as the per capita industrial output increased, levels 
of energy uses per capita also rose. 
As TEEM takes the level of per capita industrial output as a measure of level of 
industrialisation and recognises the level of industrialisation as a major factor affecting 
perceptions and lifestyle of Thai citizens, in TEEM's energy demand sub-model, the levels 
of per capita industrial output is assumed to be a determinant of both energy demand and 
types of energy use of the country. As the level of industrialisation changes, the perception 
of energy use and lifestyles under which the Thai citizens' desires or preferences for using 
energy are determined will change, and energy consumption and patterns of energy use 
change accordingly. 
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3.4.2.2 Energy prices 
The influence of energy price on energy demand has been well documented in the 
literature 24,32,33  and was witnessed during the oil crises when energy demand at the global 
and national levels decreased considerably (Figure 3-10) Indeed, the influence of energy 
price on energy demand is prominent as most energy forecasts would incorporate the factor 
"changes in energy price" into the forecasts whenever possible. 
Although there is much evidence confirming the influence of energy price on energy 
34 demand, the mechanism is rather imperfectly understood . In a study on the relationship 
between non-renewable resources and prices 35 , however, it is suggested that prices may 
work by partly rationing resource use over time. The mechanism may be explained as 
follows : when price rises, the rate of increase in demand will be first reduced (consumers 
may change their behaviour). Second, such resource will be less attractive when compared to 
its substitutes and this will further reduce demand. Third, recovery of past waste will be 
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decrease. Finally, with the higher price, explorative efforts may be stimulated to find further 
deposits of the resource. 
Energy is a deployable resource - it is neither substitutable (with other type of resources) nor 
recyclable. Regarding this characteristic, energy price increases may function to rationalise 
energy use (as a whole) by only changing consumption behaviour and technological 
substitutions (from less energy efficiency to higher energy efficiency). And the 
responsiveness of energy demand to changes in energy price which is often measured by 
price elasticity - the percent change in energy demand caused by a one percent change in 
energy price - is somewhat low (it changes little when compared to price change) 36 when 
compared to other resources. 
Figure 3-10 Changes in world commercial energy consumption and prices of crude 
oil 
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In TEEM, the energy price is assumed to be another determinant of sectoral energy 
consumption and types of energy use, but this has been incorporated into the model, only 
where the relationship of energy price and individual sectoral energy consumption shows a 
significant correlation (a value of coefficient of determination, R 2 , is close to 1.0) and the 
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same as that of energy price and types of energy use. Moreover, it was assumed that the 
response of energy consumption to changes in energy price will occur with sometime delay. 
This assumption was based on the fact that organisations would need sometime to notice the 
energy price changes and possibly takes even longer to refit or replace equipment with new 
low-energy equipment as pointed out by Griffin 38 : 
"the adjustment of energy consumption to energy prices may take ten or more years 
because of the long-lived nature of the capital stock to which the energy consumption is 
tied". 
3.5 Causal structure 
The causal structure of energy demand sector shown in Figure 3-11 indicates that the 
demand sector of TEEM has no endogenous feedback loop among the variables in the sector, 
but it does have relationships (presented by the heavy arrows) with TEEM's other sectors - 
population, production, electricity and fossil energy sectors. 
Levels of per capita industrial output - which is a major determinant of both the level of 
energy consumption and type of energy use (traditional energy, fossil energy and electricity) 
- is simulated and obtained from the production sector of TEEM. 
Energy price, which is another important determinant, is specified partly as an exogenous 
variable of the model and values are taken from the fossil energy sub-model (fossil energy 
price) and historical data (energy import price), based on a set of assumptions. 
The variables: population, industrial output, agricultural output and service output play 
important roles in the determination of the sectoral energy consumption and each is 
simulated in the population sector (for population) and production sector (for industrial, 
agricultural and service outputs). The causal structure of the energy demand sector is shown 
in Figure 3-I1. 
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Figure 3-11 	Causal structure of TEEM's energy demand sub-model 
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The casual structure of TEEM's energy demand sub-model has then been translated into 
flow diagrams (Figure 3-12), and the equations representing quantitatively the major flows 
of this sector are shown in Appendix 6 and described in the next section. 
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Figure 3-12 	Flow diagram of TEEM's energy demand sub-model 
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D. Production energy demand 
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3.6 Description of Equations 
TEEM divides final energy users into five main groups: domestic, industry, agriculture, 
services and transportation energy consumption, and differentiates energy consumption into 
three forms of energy: fossil, traditional and electricity. In this section, energy demand 
equations are discussed according to these consumption sectors and types of energy. 
In TEEM, the final energy consumption is the sum of energy consumed each year by the 
domestic, production (industry, agriculture and services) and transport sectors. Each element 
is calculated from sectoral energy intensity multiplied by the population (domestic and 
transportation sectors) or production output (industrial, agricultural and service sectors). 
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It is assumed that the energy intensity of individual consuming sector and the energy share 
(among fossil fuel, traditional energy and electricity) are determined by levels of per capita 
industrial output and/or changes in price of energy. However, the magnitude and direction of 
determination are different among sectors and types of energy. The empirical functions of 
the variables of the sectors are derived from real trends of historical data only if the analysis 
of such data shows a significant relationship (a value of coefficient of determination, R 2 , is 
close to 1.0). For example, while the regression result of industrial energy intensity on 
energy price is employed because it gives a significant correlation (R 2 = 0.84), those of the 
domestic and transportation sectors are omitted because of their poor correlation relations 
(R2 = 0.52 and 0.5 1, respectively) with changes in price of energy. 
Moreover, most empirical relationships employed in TEEM's energy sub-model are 
duplicated from real trends of historical data. Thus, they indicate the apparent trends of 
Thailand's energy system and represent hypotheses about Thai citizen's and Thai 
production's desire consumption of energy. All of this could change in the future. In TEEM 
these changes are simulated in the model's alternative runs to test the effects of significant 
system changes (such as improvements of energy efficient technology, or an increase in 
energy prices) that would increase or decrease the amount of energy consumed. 
In explaining the structure of the TEEM, subroutines will be described and identified by 
name e.g. domestic energy demand multiplier from energy price is "domestic EDMFEP" 
3.6.1 Final energy consumption by sector 
3.6.1.1 Domestic sector 
Energy consumption in domestic sector 
A certain amount of energy is consumed domestically. In TEEM, this value includes all 
energy demanded by households but excludes those used for transport (personal transport 
such as holiday transport). 
The total amount of energy consumption in a given year is calculated from domestic per 
capita energy consumption in that year multiplied by the population. While the dynamics of 
population are simulated separately in the population sector, the domestic per capita energy 
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consumption is simulated within the energy demand sub-model and determined by levels of 
per capita industrial output and energy price via energy demand multipliers (described later). 
Domestic per capita energy consumption 
Domestic per capita energy consumption includes activities such as cooking, lighting, or air 
conditioning in the domestic sector. This amount of energy usually varies under different 
circumstances, such as level of industrialisation and energy prices. In TEEM, the quantity of 
energy consumed by each Thai citizen is assumed to vary both with level of industrialisation 
and changes in price of commercial energy. 
Figures 3-13 and 3-14 illustrate the relationship between domestic per capita energy 
consumption and per capita industrial output and between domestic per capita energy 
consumption and energy price. Both of them are presented in the forms of time series data 
for the period of 1970-94 obtained from Thailand's energy statistics 5 . From the figures, as 
the industrial output per capita increases and price decreases, the amount of energy each Thai 
citizen consumes rises. In Figure 3-13, however, the per capita energy consumption tends to 
plateau at a certain level of per capita industrial output. This corresponds to data from highly 
industrialised countries, where per capita energy consumption has been stable for years. 
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Although Figures 3-13 and 3-14 show a dependency of the domestic per capita energy 
consumption on industrial output and on energy price, the slopes may be affected by factors 
other than the per capita industrial output and energy price shown in the figures. The data 
presented in the figures has not yet been corrected for these impacts. Moreover, It is also at 
this stage impossible to confirm the proportion of influences between energy price and level 
of per capita industrial output on domestic per capita consumption. 
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Since the statistic explaining the relationship between interconnected factors influencing 
energy consumption in the domestic sector was unattainable, a variable "domestic energy 
demand multiplier from industrialisation" (domestic EDMFID) and "domestic energy 
demand multiplier from energy price" (domestic EDMFEP) have been constructed (in the 
form of graphical functions which is described later in this section) to express the influence 
of level of per capita industrial output and change in energy price on domestic per capita 
energy consumption through the equation shown below. 
domestic ED per capita 	= "normal" domestic EDPC*  domestic EDMFID * 
domestic EDMFEP 
where; domestic ED per capita 	- domestic per capita energy consumption 
"normal" domestic EDPC 	- domestic per capita energy consumption 
in 1970 which is estimated at 101 kgoe/person 5 . 
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The domestic per capita energy consumption is the product of "normal" domestic per capita 
energy consumption, domestic EDMFID and domestic EDMFEP, meaning that if, in any 
given year, domestic EDMFID and domestic EDMFEP changes, the normal value of 
domestic per capita energy consumption, which is specified as a constant, will be altered to 
give a new value of domestic per capita energy consumption of that year. This 
multiplication equation also allows TEEM to express a sense of synergy among influencing 
factors. If more influencing factors are statistically available in the future, they may be 
incorporated into this equation. 
It should be noted here that in TEEM, the methodology described above (expressing the 
magnitude of influencing factors via "energy demand multiplier") is employed in most 
sectoral energy demand equations. 
Domestic energy demand multiplier from industrialisalion (domestic EDNFID) 
As domestic EDMFID is constructed to reflect the magnitude of influence the level of 
industrialisation imposing on the amount of energy demanded by the domestic sector, it 
changes directly by level of per capita industrial output (the measure of industrial 
development in TEEM). 
In the absence of previous empirical studies on the relationship between per capita industrial 
output and energy consumption, TEEM constructs a function of domestic EDMFID and the 
fractional change in level of per capita industrial output (the fraction of level of per capita 
industrial output to the 1970 level : IOPC/IOPC 1970) based on the historical relationship 
shown in Figure 3-13, and according to the following set of assumptions: 
• Domestic EDMFID is assumed to be a variable that reflects the magnitude of influence 
of the country's levels of per capita industrial output on the domestic per capita energy 
consumption. 
• Industrialisation may affect the amount of energy each Thai citizen desires to consume 
by changing the perceptions and life styles of the citizen (from traditional to one that is 
more modernised). Besides, those energy consuming goods and services will also be 
accessible because the country is more industrialised. 
• As the year 1970 is the initial year for the simulation of TEEM, it is assumed that when 
the levels of per capita industrial output is equal to that in 1970 (the ratio of industrial 
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output per capita to the 1970 industrial output per capita - IOPC/IOPC 1970 - equals 
1.0), the domestic per capita energy consumption is also equal to the "normal" or 1970 
level (96.7 kgoe/person). The EDMFID will accordingly equal 1.0 (indicated by X in 
Figure 3-15). 
• When the per capita industrial output moves from the 1970 level (IOPC/IOPC 1970 is 
greater or less than 1.0), the EDMFID would vary according to the non-linear function 
obtained from the regression of domestic energy consumption and industrial output per 
capita as shown in Figure 3-15. 
This function (Figure 3-15) is then applied in TEEM's energy sub-model throughout the 
simulation. 
Figure 3-15 Domestic EDMFLD and changes in industrial output per capita 
6 
5 







0 	10 	20 	30 	40 	50 	60 
IOPC/IOPC 1970 
Domestic energy demand multiplier from energy price (domestic EDNFEF) 
The responsiveness of energy demand to a change in energy price is often measured by price 
elasticity27 . In TEEM the price elasticity of energy demand has been used to reflect a price 
effect on domestic per capita energy consumption via the EDMFEP. Here, the value for price 
elasticity was drawn from the previous study on the price elasticity of energy demand 39 , 
which in the case of Thailand, has been measured as -0.28, meaning a 100 % increase in 
energy prices would decrease energy use by 28 % as shown by domestic EDMFEP in 
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Figure 3-16. 
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In the real world, price affects energy consumption after taking some delay. Baker 39,  for 
example, has suggested that it may take up to 10 years or more to complete the response of 
energy consumption to price change such as to get household appliances replaced. In TEEM 
a time delay of 10 years was thus included in the domestic EDMFEP equation. 
3.6.1.2 Production sector 
Energy consumption in production sector 
Energy consumption in the production sector is the amount of energy consumed each year by 
production activities, excluding transport. It thus consists of all kinds of energy used in the 
industrial, agricultural and service sectors. 
In TEEM, the energy consumption of the production sector in any given year is derived 
from the summation of all forms of energy consumed by the industrial, service and 
agricultural sectors in that year. Details of energy consumption in each production activity 
are described as follows. 
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3.6.1.2.1 Energy consumption in agricultural sector 
The agricultural sector consumes a certain amount of energy as an input to produce 
agricultural output such as crops, fisheries, or livestock. Thus it shares a part of production 
sector's energy consumption. This amount of energy varies with annual agricultural output, 
and with energy intensity achieved by the sector. 
In 1995, about 1.6 M toe of final energy was consumed by the activities conducted in 
agriculture sectors, accounting for 3.2 % of total energy consumption in the same year. 
Figure 3-17 shows a modest increase (3.6 %) in energy consumption in the agricultural 
sector over the past 25 years. (Figure 3-17). It also presents that, although there was a 
consistent increase in energy intensity during the period of 1980 -1986, this increase ceased 
after 1986. 
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Given the agricultural energy consumption accounted for a small proportion of energy 
consumption in the country, and that little emphasis is likely to be given to agricultural 
sector in the future, in TEEM, both agricultural output and energy intensity are set as 
exogenous variables of the model, and their changes are set according to historical rates of 
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The country will continue to pursue a policy of industrial promotion. 
The agricultural sector is assumed to grow by the average rate of 3 % per year 
(equivalent to recent rates of growth simulated in the production sector). 
Energy intensity is assumed to be constant for a certain period of time - 15 toe and 22 
toe per million bahts for the simulation period of 1970-1980, and 1980-2010 
respectively. 
• This intensity is then assumed to increase to 25 toe per million bahts in 2010 and to 
remain at that level throughout the simulation. 
3.6.1.2.2 Energy consumption in service sector 
The service sector of the Thai economy consumes a certain amount of energy each year to 
produce service output such as leisure, entertainment, and health care services. Historically, 
although the service sector contributed the highest proportion of the country's total output, 
its per unit output energy demand was relatively low among production activities (industry, 
agriculture and services). In 1995 while the service output shared 50 % of the country's 
production output, its energy consumption is 1.6 M toe, accounting for only 4 % of the 
country's final energy consumption. 
Figure 3-18 illustrates the amount of energy consumed by the service sector over time. The 
figure shows that although the energy consumption in absolute terms has increased (7.2 % 
per year), its energy intensity has remained constant or has slightly decreased over the same 
period. 
Given a small share in final energy consumption and a constant trend of energy intensity, in 
TEEM, the energy intensity of service sector is simply assumed to be constant, with the 
value of 4.75 toe per million bahts throughout the simulation. The energy intensity is then 
multiplied by total service output to give a quantity of energy consumed each year by service 
sector. The total service output is simulated separately and obtained from the production sub-
model. 
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3.6.1.2.3 Energy consumption in industrial sector 
The industrial sector consists of manufacturing, mining and construction which in addition to 
contributing the second largest portion of Thailand's production output, also shares the 
second highest proportion of the country's final energy consumption (after transportation). 
Over the past 10 years, when the country's industrial output increased at an average rate of 
11.5 % per year in real terms (Figure 3-19), the amount of energy consumed by this sector 
also increased at the same rate (11.5 %). 
Figure 3-19 illustrates a downward trend of energy intensity in industrial sector over the past 
25 years, implying that the increase in energy consumption of this sector during the same 
period occurred almost entirely as a result of rising industrial output (increasing from million 
34,459 million bahts in 1970 to 300,774 million bahts, in real terms, in 1995). It also implies 
that if the energy intensity of this sector was not reduced, the amount of energy consumed by 
industrial sector would have increased even more rapidly. Thus, both the level of industrial 
output and energy intensity play a crucial role in determining the amount of energy 
consumption in this sector. Both of them are incorporated into the equation of industrial 
energy consumption in TEEM. While the industrial output is set to change each year 
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depending on the value and performance of capital to be allocated to industrial production 
(which is described in more detail in the production sector), the energy demand per unit of 
industrial output is assumed to vary with energy prices whose variation is simulated based on 
historical data and a chain of assumptions described later in this section. 
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Energy consumption per unit of industrial output 
Energy consumption per unit of industrial output is the amount of energy (in toe) actually 
consumed to produce a million baht of industrial output. It is corresponding to the amount of 
energy used for operating machines or equipment in a factory, mining or construction site 
and varies each year depending on types of industry, production technologies, energy prices 
and so on. 
Historically, the variation of energy consumption in industrial sector among countries can be 
thought to relate with types of industrial activities (energy intensive or non-energy 
intensive), and technologies (old energy consuming technologies or new energy efficient 
technologies)40 . A shift from heavy industries to light industries occurring in European 
countries during these years has well proved that energy intensity has, to some extent, 
relationships with energy price rising. Because the technology option is much related to 
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energy price, in TEEM, the amount of energy consumed per unit of industrial output is 
assumed to be determined by changes in energy price. To support this assumption, the 
historical data of energy intensity of industrial sector and the country's average energy price 
have been illustrated graphically as shown in Figure 3-20. 
The relationship between energy price and the energy intensity of industrial sector is shown 
in Figure 3-20 in the form of time series data of Thailand from 1970 to 1995. The curve in 
the figure shows that the relationship of such factors is non-linear. As might be expected, 
when energy price increases, energy used per unit output drops accordingly. However, at a 
higher level of energy price, when the price increases further, there is a little decrease in 
energy consumption per capita of industrial output. 
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Although Figure 3-20 has proved the relationship between energy price and energy intensity 
of the industrial sector, it is not possible to conclude that the curve shown in the figure is 
influenced only by energy prices. Many other factors such as access of new technologies and 
changes in climate (which are not able to be included in this study) also work at the same 
time to affect the trend and direction of this curve. The data presented (in the figure) has not 
been corrected for these impacts. 
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Since it is, at this point, not possible to explain statistically the inter-relationship and effects 
of these interconnected factors, the "industrial energy demand multiplier from energy price 
(industrial EMFEP)" has been constructed to express the relationship shown in the previous 
figure (described later in this section). This industrial EDMFEP is then incorporated into 
energy consumption per industrial output equation which is written in a multiplicative form 
to allow the future incorporation of any other available influencing factors. The equation of 
energy consumption per industrial output is shown below. 
encons per indout = "normal" encons per indout * industrial EDMFEP 
where; encons per indout 	 - energy consumption per unit industrial output 
"normal" encons per indout 	- energy consumption per unit industrial output 
in 1970 which is estimated at 67 toe/million bahts 5 
The energy consumption per industrial output is a product of "normal" energy consumption 
per industrial output and industrial EDMFID, meaning that in any given year if industrial 
EDMFEP changes, the normal value of energy consumption per industrial output, which is 
specified as a constant of 67 toe/million bahts, will be altered according to change of energy 
price. This alteration will give a new value of domestic per capita energy consumption for 
that year. 
As discussed earlier, if there are any other factors, apart from energy price, to be confirmed 
also having an influential relationship with energy consumption per industrial output, these 
influencing sectors can also be incorporated into the equation and will alter the "normal" 
energy consumption per industrial output. 
Industrial Energy demand multiplier from energy price (industrial EDMFEP) 
As industrial EDMFEP reflects the magnitude of the influence of the energy price on the 
levels of energy consumption of industrial sector, it varies with changes of energy price. In 
the absence of any previous empirical study on the relationship between industrial EDMFEP 
and changes of energy price (energy price/energy price 1970), TEEM has constructed such 
a function based on the relationship shown in Figure 3-20. This function (Figure 3-21), 
subsequently applied to TEEM's energy sub-model throughout the simulation, makes the 
following assumptions. 
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• The price mechanism may account for and react to changes both in energy consumption 
behaviour and/or improvement of technologies. 
• The relationship between the industrial EDMFEP and energy price is non linear as 
shown in Figure 3-20. 
• 1970 is the initial year for the simulation of TEEM, and the ratio of energy price in a 
given year to the price in 1970 is equal to 1.0. Thus, industrial EDMFEP will 
accordingly equal 1.0 (indicated by X in Figure 3-21). 
• When the energy price moves from the 1970 value, two alternatives are employed: 
- If energy price/(energy price 1970) is less than 1.0 (decline in prices), it is 
assumed that EDMFEP would able to raise energy consumption per industrial 
output by 10% (Maximum EDMFEP=1.1). 
If energy price/(energy price 1970) is greater than 1.0, then the EDMFEP would 
vary according to the non-linear function obtained from the regression of energy 
price and energy consumption per unit output of industrial sector as shown in 
Figure 3-21. 
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• It is also assumed that it will possibly take some time for this change to occur. Thus, a 
delay has been incorporated into the EDMFEP equation. This delay represents the time 
taken to perceive and act upon price changes by conserving energy, or by replacing 
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machines or equipment with ones that are more energy efficient. This time delay was 
assumed to be 15 years in absence of any previous data and based on the fact that the 
responsiveness of energy demand to price change usually occurs with a long time lag 
which may take up to 10 years (for residential energy demand), as it takes time to get 
machines or equipment replaced 38 '41 . 
3.6.1.3 Transportation sector 
Energy consumption in transportation sector 
A certain amount of energy is consumed each year for transportation. Although this category 
of energy consumption occurs in different sectors and by different modes (road, train, water 
and air transport), in TEEM, there is no further attempt to dis-aggregate this category of 
energy consumption into different modes or to distinguish different consuming sectors. Thus, 
the energy that is consumed for either road, air or sea transport in all sectors is all grouped as 
a category of transport energy consumption in TEEM. 
The total amount of transport energy consumption in any given year is calculated from the 
per capita energy used for transport in that year multiplied by population of the same year. 
While the population is simulated separately in the population sub-model, per capita energy 
used for transportation is simulated within the energy demand sub-model and assumed to 
vary with changes in level of industrialisation and energy price. 
Transport per capita energy consumption 
Transport per capita energy consumption is defined as the amount of energy actually needed 
by each person for transport in each year. In TEEM it is assumed to vary with energy price 
and the level of per capita industrial output and has been supported by data illustrated 
graphically in Figures 3-22 and 3-23. 
Figure 3-22 reveals the relationship between energy price and per capita transport energy 
consumption. Similar to energy consumption in other sectors, the transport sector's per 
capita energy consumption varies inversely with energy price. When price increases, the 
energy consumption per capita will decrease. 
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Figure 3-23 reveals a positive variation of per capita transport energy consumption  with 
industrial output2 '3 '4 . The amount of energy consumed increases when the per capita 
industrial output rises. In the absence of any other effects, this variation will produce a rising 
trend of per capita transport energy consumption as far as industrial output per capita 
increasing (Figure 3-24 : solid line). 
Figure 3-24 	Anticipated trend of transport energy consumption per capita and 
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A pattern and growth of energy consumption of industrialised countries is usually cited as 
an energy blueprint likely to be repeated by their less industrialised counterparts. In this 
section, the relationship between levels of per capita energy consumption in transportation 
sector and levels of income per capita is shown in Figure 3-25 for 28 countries in 199429. 
The energy consumed for transportation by each person in higher income (and more 
industrialised) countries is significantly more than that in lower income (and less 
industrialised) countries. For example, transportation energy consumption in Europe and 
North America was between 700 and 1,800 kgoe per person, respectively: in the lower 
income countries, it was about 50 kgoe per capita. The same figure also shows the trend of 
energy consumption. As may be expected, at lower income levels, a small increase in 
income results in a steady rise in transportation per capita energy consumption. When the 
level of income is higher, a further increase in income per capita, however, produces 
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different trends of transportation per capita energy consumption : the trend (European trend) 
that shows reduced responsiveness to levels of income and the trend (in North America) that 
shows steady responsiveness to the income level. 
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TEEM does not investigate this difference any further. It simply assumes that the pattern of 
Thailand's transportation energy consumption will, more or less, repeat that experienced by 
European countries. The increase in transportation per capita energy consumption is assumed 
to level off when the country is more industrialised (the level of industrial output per capita 
more than 10,000 bahts per person) and its transportation energy consumption per capita 
approaches 1,000 kgoe. This assumption is made based on the following: 
• Thailand will take advantage of energy-efficient transport technologies. 
• The size and landscape of Thailand is totally different from that of North America, 
leading to a different pattern of physical planning and thereby different energy intensity 
in the transportation sector. 
Based on the above discussion, the relationship between the level of per capita industrial 
output and transportation energy consumption presented by the solid curve in Figure 3-24 is 
adjusted and shown by the dotted curve in the same figure. This relationship (the dotted 
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curve) is used as the bases of the simulation of levels of per capita transport energy 
consumption. 
Similar to the simulation of energy demand in other energy consumption sectors, to simulate 
the relationship between transport energy consumption and its influencing factors, the 
equations of transport energy consumption per capita have been constructed. This equation is 
analogous to the first two sectoral energy demand equation, where the "normal" value of 
transport per capita energy consumption is first estimated by based on Thailand's energy 
statistics. This value is then set as an initial value (of energy used for transportation per 
capita) for the model's base year simulation (1970). Next, the transport energy demand 
multiplier from industrialisation (transport EDMFID) and from energy price (transport 
EDMFEP) have been constructed and incorporated into the equation of transport energy 
consumption per capita to alter the "normal" value of transport energy consumption 
estimated earlier. The equation of transport per capita energy consumption is shown below. 
transp encons per cap = "normal" transp encons per cap * transport EDMFID 
* transport EDMFEP 
where; transp encons per cap 	 - transport per capita energy consumption 
"normal" transp encons per cap - per capita energy consumed for 
transportation in 1970 which is estimated as 62 
kgoe/person5 . 
From the above equation, the influence of industrialisation and energy price on the energy 
consumption in the transportation sector is expressed through transport EDMFID and 
transport EDMFEP. By multiplying the normal value of energy used per capita (in the 
transportation sector) with transport EDMFID and transport EDMFEP, a new value for 
energy consumption per capita (in the transportation sector) is obtained. 
Transport energy demand multiplier from industrialisation (transport EDMFID) 
The energy demand multiplier from industrialisation reflects the impact of industrialisation 
on the consumption of energy by the transportation sector. Similar to the other energy 
demand multipliers (the domestic EDMFID or the industrial EMFEP) employed in TEEM, 
transport EDMFID is created based on a set of assumptions, viz., 
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The relationship between the EDMFID and the level of per capita industrial output is 
non linear as shown in Figure 3-24. 
• 1970 is the base year for the simulation of TEEM, i.e. the ratio of industrial output per 
capita to the 1970 industrial output per capita - IOPC/IOPC 1970 - equals 1.0, see X in 
Figure 3-26. 
• When the per capita industrial output moves from the 1970 level (IOPC/IOPC 1970 is 
greater or less than 1.0), the EDMFID changes according to the non-linear function 
obtained from the regression of industrial output per capita and transportation per capita 
energy consumption as shown in Figure 3-26. 
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Transport energy demand multiplier from energy price (transport EDMFEF) 
In TEEM, the values for transport EDMFEP as a function of changes in energy price (Figure 
3-27) are analogous to those for the domestic EDMFEP in the domestic sector. These values 
are specified based on the price elasticity of energy demand (-0.28) suggested in the previous 
study (detailed in reference39). 
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Figure 3-27 Change in price of energy (%) and transport EDMFEP 
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3.6.2 Final energy consumption by type of energy 
Fossil energy, traditional energy and electricity are major contributors to the country's final 
energy consumption. The historical behaviour of energy demand described earlier reveals 
that the share of traditional energy in the final energy consumption has decreased 
consistently over the past two decades, while fossil energy and electricity have continued to 
increase their shares significantly. TEEM's energy demand sub-model has included the inter-
fuel substitution concept in its model structure to simulate the long-term trend of final 
energy consumption by type of energy. This section describes and discusses this. 
3.6.2.1 Non-electricity commercial energy consumption 
A certain amount of fossil energy, such as lignite, natural gas and petroleum products is 
consumed directly each year by the final demand sectors. This amount of fossil energy 
consists of coal, lignite and natural gas that is used directly for producing goods in the 
manufacturing sector, kerosene used as fuel for lighting in the residential sector, and 
petroleum and gas for fuelling vehicles in the transportation sector, but excludes all items 
(mentioned above) used for generating electricity in the country's power sector. In TEEM, 
the consumption of this amount of energy is classified as non-electricity commercial energy 
consumption and derived from the final energy consumption less the amount of traditional 
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3.6.2.2 Traditional energy consumption 
Traditional energy refers to renewable energy such as firewood, charcoal and crop residues, 
that have, for a long time, been used traditionally by the Thai population especially in rural 
areas. This type of energy has become less popular in recent years possibly due to an 
increase in rural electrification, urbanisation and deforestation. 
In TEEM, the consumption of traditional energy is derived from final energy consumption 
multiplied by fraction traditional energy consumption, i.e. the fraction of traditional energy 
to final energy consumption in any given year. This varies with industrial output as shown in 
Figure 3-28. 
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Figure 3-28 depicts the relationship between the level of per capita industrial output 2 ' 3 ' 4 and 
fractional traditional energy consumption in the forms of time series data for the period 
1970-1995 derived from Thailand's energy statistics 5 . The figure shows a decrease in 
fractional traditional energy consumption when the industrial output available for each Thai 
citizen was rising (indicating that the country is more industrialised). When the level of 
industrial output per capita is higher, however, a further increase of industrial output per 
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capita has only a small effect on the fractional traditional energy consumption, implying that 
the responsiveness of the fractional traditional energy consumption to changes in levels of 
per capita industrial output declines when the country is more industrialised. 
Since there have been no other previous studies on the effect of the level of industrial output 
per capita on fractional traditional energy consumption available, the empirical relationship 
shown above is employed and simulated in TEEM's energy demand sub-model. In TEEM, 
any change in the fraction of traditional energy consumption is assumed to be caused by 
changes in the level of per capita industrial output. The magnitude of change is expressed 
through traditional energy demand multiplier from industrialisation (traditional EDMFID) 
according to this relationship and the following assumptions: 
The growing industrialisation is associated with an increase in urbanisation, changes in 
energy-use perception and lifestyle. 
• The majority of the Thai population can obtain access to modern energy especially 
electricity, when the country is more industrialised. 
• There is a time delay before the industrialisation can have a full effect on the 
accessibility of commercial energy and energy use perception. In absence of any 
previous study, this time delay was assumed to be 2.0 years and incorporated into the 
traditional EDMFID equation. 
The graphical function between traditional EDMFID and changes in levels of per capita 
industrial output is shown in Figure 3-29, while the equation used to calculate the fraction of 
traditional energy consumption is shown as follows: 
Fraction traditional energy consumption = "normal" fraction traditional energy 
consumption * traditional EDMFID 
The equation of the fraction of traditional energy consumption is analogous to those that 
used previously in sectoral energy demand simulation, where the "normal" values of 
variables are altered by the energy demand multipliers. Here, the "normal" value of 
fractional traditional energy consumption is the value of fractional traditional energy 
consumption in 1970. By multiplying it with traditional EDMFID, this value is altered each 
year with changes of traditional EDMFID. 
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From Figure 3-29, when the per capita industrial output is equal to the 1970 level 
(IOPC/IOPC 1970 equals 1.0), the fractional traditional energy consumption is equal to the 
"normal" or 1970 level (0.41). At times the EDMFID will accordingly equal 1.0 (indicated 
by X in Figure 3-29). When the per capita industrial output moves from 1970 level 
(IOPC/IOPC 1970 is greater or less than 1.0), the traditional EDMFID will change according 
to the graphical function shown in Figure 3-29. 
3.6.2.3 Electricity consumption 
Part of the overall energy is consumed in the form of electricity and in TEEM this amount of 
energy is calculated from the country's final energy consumption in a given year multiplied 
by fraction of electricity consumption of that year. 
Fraction of electricity consumption 
Fraction of electricity consumption is the ratio of electricity usage to total final energy 
consumption. In any given year fraction of electricity consumption varies with level of per 
capita industrial output and relative prices of electricity. This assumption can be supported 
by the previous studies 334243 	i and s demonstrated by the real trends of electricity 
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consumption in association with changes of level per capita industrial output (Figure 3-30) 
and relative electricity price (Figure 3-31). 
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Figures 3-30 and 3-31 show the relationship between fractional electricity consumption and 
the level of per capita industrial output, and between fractional electricity consumption and 
changes in the relative prices of electricity (the ratio of electricity price to the aggregate price 
of petroleum products), respectively. They also illustrate that while the fraction of electricity 
consumption varies directly with the level of per capita industrial output, it varies inversely 
with changes in relative price of electricity. Both relationships are applied in TEEM through 
the variables "electricity demand multiplier from industrialisation" (ELDMFID) and 
"electricity demand multiplier from relative prices of electricity" (ELDMFELPR). Such 
application is based on the following assumptions: 
Urbanisation occurs in association with industrialisation. 
• Rural electrification programmes (induced by the country's industrialisation) have a 
direct impact on the utilisation of electrical appliances in rural villages of the country. 
• Any changes in the fraction of electricity consumption is assumed to be caused by 
changes in the level of per capita industrial output (the ratio of industrial output per 
capita to the 1970 industrial output per capita: IOPC/IOPC 1970) and changes in the 
relative prices of electricity (relative electricity price to the 1970 relative electricity 
price: ELPRIELPR197O). The pattern of changes can be described as follows: 
- At the level that both IOPC/10PC1970 and ELPRIELPR1970 is equal to 1.0, the 
fraction of electricity consumption will equal to the fraction of electricity 
consumption in 1970. In this situation both ELDMFID and ELDMFEPR will be 
equal to 1.0 (indicated by X in Figures 3-32 and 3-33). 
- If the IOPC/IOPC 1970 and ELPRIELPRI970 are to move from 1970 levels, 
ELDMFID and ELDMFRPR will vary based on the function shown in Figures 
3-32 and 3-33, respectively. The fraction of electricity consumption will change 
according to changes of ELDMFID and ELDMFELPR. 
• There is a time delay before the changes in fractional electricity consumption can occur. 
This time delay is assumed to be 2.0 years for ELDMFID and 10 years for ELDMFEPR 
corresponding to those that employed in the simulation of the traditional energy demand 
and of sectoral energy demand described earlier. 
Based on the above assumptions, the fraction electricity consumption equation can be 
written as: 
frac EL cons = "normal" frac EL cons * ELDMFID * ELDMFEP 
where; frac EL cons 	- fraction of electricity consumption 
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"normal" frac EL cons- fraction of electricity consumption in 1970 equalling 
to 0.04 (meaning 4 % of final energy consumption was 
consumed by Thai citizen in the forms of electricity in 
1970). 
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36.3 Supplementary equations 
Energy prices 
Energy price is a variable exogenous to the model whose past values were obtained from 
Thailand's energy statistics. In the absence of data on the price of traditional energy, in 
TEEM, energy price refers to the price index of commercial energy only and was estimated 
by weighing retail price indices of fossil energy and electricity with their consumption 
quantities. 
For the value of future energy price, it was assumed that from 1995 onward the country's 
energy price will vary with price of locally-produced fossil energy (whose value is obtained 
from TEEM's fossil energy sector where the price of locally- produced fossil energy is 
simulated endogenously to the model) and with that of imported energy (simulated 
exogenously in the fossil energy sector). This assumption was made based on Thailand's 
current energy pricing policy aiming to free the country's energy price from state control to 
reflect it real economic cost 44 . 
Electricity price 
In TEEM, electricity price refers to price index of electricity and is simulated exogenously as 
a function of time, based on historical data for the simulation from 1970 to 1994. For the 
future electricity price, it was assumed that the electricity price will vary with change in 
aggregated price of energy (commercial energy) according to the current energy pricing 
policy mentioned earlier. 
3.7 Energy demand sector simulation runs 
The energy demand sub-model of TEEM simulates final demands for non-electricity 
commercial energy, electricity and traditional energy. In this section, the simulation of the 
energy demand sub-model is presented alone. Several inputs, such as commercial energy 
price, normally taken from TEEM's other sub-models, are given values based on historical 
data and simulated exogenously as a function of time. 
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3.7.1 Historical runs 
Figures 3-34 A, B and C illustrate the historical data of industrial, service and agricultural 
outputs2 '3 '4 , population 	industrial output per capita, average energy price and electricity 
price indices5 , used as inputs for the following simulation. 
Figure 3-34 	Exogenous inputs used in energy demand sector's historical run 
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The results of running the sub model are shown in Figures 3-35 A and B. The increase in 
final energy demand is in line with growth of population and sectoral production output. 
From 1987 onward, when the growth in production output increased, the rate of increase in 
final energy demand also rose significantly from 7 % per year during the period of 1970-87 
to 9.3 % per year. Based on these rates of growth, in 1995 the final energy demand generated 
from TEEM's simulation was about 51 M toe, about 4 % higher than that of actual historical 
data (Section 3.3). 
Traditional energy's share of final energy demand fell from 42 % in 1970 to 23 % in 1995. 
Since the country is more industrialised (increased per capita industrial output), consumers 
are able to choose more convenient forms of energy i.e. commercial energy either in the 
form of non-electricity commercial energy (fossil fuels) or electricity. The commercial 
energy's share in final energy demand increased accordingly from 58 % to 77 % over the 
same period. Moreover, as the country's electricity price increased at a somewhat lower rate 
than the aggregated price of commercial energy (in 1995, when the fraction of commercial 
energy price to 1970 price was 1.05, that of electricity was only 0.74 as shown in Figure 3-
34 C), its share in the commercial energy consumption increased significantly from 7 % in 
1970 to 18 % in 1995, leaving the rest to be contributed by non-electricity commercial 
energy. 
67 
Chapter 3 :Energy Demand 
Figure 3-35 	Energy demand sector (historical runs) 
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3.1.2 Projection ruins 
This section presents long-term behaviour of energy demand sector obtained from running 
the energy demand sub-model to 2050, with exogenous inputs shown in Figures 3-36 A and 
B and C. 
In Figures 3-36 A, B and C, parameters were set to their 1995 values and the simulation was 
run based on the assumptions that the rate of growth of each variable will follow its 
historical growth rate (industrial, service and agricultural output) and that the rate of growth 
of energy price, electricity price and population will follow what was forecasted by the 
previous studies. Such rates of growth are shown in Table 3-1. 
Table 3-1 	Assumed growth rates of the inputs for projection runs 
Variables Specified or projected Simulation period 
growth rate (%) 
Industrial output 7.0 1995-2050 
Service output 7.0 1995-2050 
Agricultural output 3.0 1995-2050 
Price of commercial energy 1.0 1995-2050 
and electricity 46 






It should be emphasised here that these assumed and specified historical growth rates may 
not hold true in the future. They have been set to suitable values to allow the energy demand 
model run in isolation of other sectors and to create a hypothetical run which can be 
compared to the run of complete model (TEEM as a whole) in Chapter 8. 
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Figure 3-36 	Inputs for historical growth projection 
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On the basis of the data in Figures 3-36 A,B and C, the energy demand sub-model results 
suggests the following points: 
If production output were to follow its historical long-term growth rate and the population 
and energy price increase at the rates shown in Table 3-1, energy demand in all sectors 
would increase rapidly from their 1995 levels (Figure 3-37 A). This increase is caused both 
by an increase in size of sectoral production output and by a rise in the level of the 
country's level of industrialisation. 
The result from the projection run also suggests that after 1995, the transportation energy 
demand would increase at about the same rate as the production energy demand. However, 
if growth in production output and energy prices are not changed from the current trends, 
this increase would slow down after 2018 and would approach plateau by 2050 (mainly due 
to saturation in energy consumption in this sector), whilst the increase in production energy 
demand would continue further (due both to the continued rise in production output and the 
low energy prices). 
In line with the growth of final energy demand, the projection runs shown in Figure 3-37 B 
indicates that contribution of commercial energy would increase significantly. By 2040, the 
usage of energy in the country would be entirely in the forms of commercial energy, 
comprising fossil energy (71 %) and electricity (29 %). 
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Figure 3-37 Energy demand sector (projection runs) 
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38 Chapter summary 
During the course of the energy demand sub model simulation, the change in size and pattern 
of energy demand in response to changes in social and economic factors (population, 
aggregated outputs, and prices of energy) are the main issues to be considered. The output 
of the simulation has then been used as input for simulation of TEEM other sectors. 
When the energy demand sub-model was run alone based on historical data and long-term 
projected growth rates, it actually simulated the historical behaviour of the Thai energy 
demand sector (see Figures 3-3, 3-5 and 3-15 A and B). Although projection runs were 
successful, the author suggests that great care must be taken in the interpretation of this 
outputs since historical growth rates are unlikely to be tenable in the future. What the model 
does permit is predictions over a range of input parametric values to check, for example, 
sensitivity to changes in assumed values. 
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4.1 Introduction 
In 1994, although electricity contributed only 12 % of final energy demand, the increase in 
total electricity consumption in absolute terms, over the past two decades, has been 
significant at for about 13 % annually. Due to the country's fast growing economy and rapid 
industrialisation (although there has been some economic setback due to the financial 
turmoil in the late 1990s), the electricity consumption is expected to increase further, though 
at a relatively slower rate. As the provision of reliable electricity supply is national 
importance, when electricity demand grows, more generating capacity is required. 
As Thailand's electricity generation has relied heavily on fossil energy, its rapid growth has 
undoubtedly increased demand for fossil fuels. During the last two decades, when electricity 
consumption grew at 13 % annually, fossil fuel consumption by the electricity industry rose 
at a rate of 12.5 % per year. As a consequence, the country's future fossil fuel demand- 
supply balance will be significantly influenced by investment decisions of the electricity 
supply industry, eventually affecting the country's energy system as a whole. 
In addition, the electricity industry is very capital intensive. To satisfy the demand for 
electricity by constructing new generating capacity inevitably requires considerable capital 
investment. As more capital is invested in the electricity sector, less will be available for 
investment in other activities. Thus, the investment decisions of the electricity supply 
industry in the near future will unavoidably affect the performance of other economic 
sectors, and eventually affect the Thai economy as a whole. 
4.2 Simulation Purpose 
The electricity sub-model is a part of the energy model of TEEM. It is formulated in order to 
simulate the dynamic behaviour of electricity supply in response to long-term demand for 
electricity. During the simulation, the model addresses two issues critical to future socio-
economic and energy developments of the country: 
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• how well the sector satisfies the long-term demand by constructing an adequate 
supply of new generating capacity; 
• how the expansion of new generating capacity imposes constraints on the 
developments in other sectors such as the fossil energy sector. 
In the next section, the purpose of the electricity sub-model is addressed. Then the historical 
behaviour of electricity sector is described. The concepts and assumptions upon which the 
model is formed, together with its causal structure and the description of major mode 
equations are discussed next. Finally the outcomes of the simulation are displayed and 
discussed. 
4.3 Historical behaviour 
In Thailand, the electricity supply industry has so far been operated by the country's public 
sector (through the state enterprise Electricity Generating Authority of Thailand : EGAT). 
Decisions on every aspect of electricity generation, such as construction of new power 
plants, fuel options or electricity prices, traditionally have been the responsibility of the 
government bodies e.g. EGAT or other energy/power committee or sub-committee. Because 
of this, market mechanisms e.g. level of marginal profit or revenue obtained from selling 
electricity to customers have played insignificant role in power investment decisions in 
Thailand. 
Figure 4-1 shows the historical growth in Thailand's total electricity generation, which 
increased from 4,545 GWh in 1970 to 80,060 GWh in 1995. As electricity generation has 
grown, so has total installed capacity. The installed capacity increased from 1,335 MW in 
1970 to 17,544 MW in 1995. 
Figure 4-2 shows the proportion of electricity generation from fossil-fired and hydro power 
plants. Due to the gradual reduction in the number of suitable sites for new development, 
hydro power has grown more slowly than steam-electric generation (fossil-fired power 
station). Moreover, due to the constraint of investment arisen from lacking public 
acceptance, any accelerated development on hydropower resources will be unlikely. 
Although the hydroelectric potential in Thailand was estimated at about 15,155 MW and of 
the total, only 26 % was so far exploited48 , the development will be limited to a few of the 
most economic, small-scale and environmentally benign projects, and will be operated at 
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Of the total fossil fired power plants, Figure 4-3 shows that over the past decades, fuel-oil-
fired plants substantially lost their share in electricity generation to gas-fired plants. The 
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same figure also reveals that when the electricity generation from 	fuel-oil-fired plants 
dropped to its lowest level at 20 % of total electricity generation in 1984, electricity 
generation from gas fired plants, by contrast, rose to their highest level (60%) in the same 
year. However, because the country has pursued a mixed-fuel policy for electricity 
expansion planning, with domestic production of lignite and natural gas boosted, the share of 
electricity generation has recently been distributed almost evenly among types of fossil fuel 
fired-plants (natural gas, lignite, and fuel oil), though that from gas-fired plants still holds a 
little higher proportion than others (due to the commitment of EGAT to buy natural gas 
produced from the Gulf of Thailand). Given the recent fast growing demand for electrical 
power generation and the limitation of indigenous fuels, consideration and use of fuel will 
depend greatly on its economic benefit (economic costs including environmental cost) and 
its feasibility 49 
Figure 4-3 	Share of electricity generation (fossil-fired power plants only) by types 













Electricity generation from fossil-fired power plants can also be classified alternatively 
according to types of the turbine used in power plant as can be seen in figure 4-4. 
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Figure 4-4 	Percentage of electricity generation by types of turbine (fossil-fired 
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Figure 4-4 shows that among fossil fired power plants, steam turbines occupied a major 
proportion of about 78%-95% of electricity generation during the period of 1970s and 1980s. 
In the second half of 1980s when most combined cycle gas turbine power plants (CCGT) 
were commissioned in Thailand, the share of electricity generation by steam turbines 
declined (50% -60%), but still maintains the largest proportion among the different type of 
power plants. 
As electricity generation increases, so does fuel requirement. Over the past two decades, the 
amount of fuel required by electricity utilities has increased substantially from 850 ktoe in 
1970 to 16,500 ktoe in 1995, representing an average increase of 12.5 % per year. The 
historical trends of fuel requirement has been presented in Figure 4-5. 
Besides fuel requirements, electricity system expansion also needs capital to be invested in 
new plants and transmission facilities. According to Intarapravich 50, Thailand's electricity 
sector has, since the 1980s, been the main user of public funds, accounting for about 20 % of 
total public sector investment. Over the last two decades, investments in the power sector 
have accounted for not less than 3 % of total investments in the economy. This investment is 
expected to increase further, as detailed in EGAT's 1995 and 1997 power development 
plan 51,52  (PDP 95-01 and PDP 97-01) and shown in Figure 4-6. 
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Figure 4-5 	Electricity utility fuel consumption 
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Figure 4-6 	The estimate of capital expenditure on electrical system expansion by 
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As Thailand's domestic capital is limited, part of the capital required for power system 
investment has inevitably been borrowed from foreign countries (Figure 4-6). Relying on 
outside capital has left Thailand facing two major problems. Firstly, there is likely high 
competition among countries to get international loans for national developments and several 
regional and multilateral banks have already warned of the impending capital squeeze on 
limited available funds. Competition for the scarce funds will intensify as international 
financing is estimated to cover only about 15% -20% of the total capital requirement 50 . 
Secondly, the increase in borrowing will impose a burden on Thailand's debt servicing 
ability. 
Three national strategies have so far been implemented to mitigate the above risks: 
Privatisation of the supply industry. As pointed out earlier, EGAT is the public 
authority responsible solely for electricity generation and transmission. To privatise 
EGAT either totally or partially would allow EGAT to earn some funding from private 
sector. 
Private power participation. For the first time the private sector has deliberately been 
persuaded to participate in the power generation business. The independent power 
producer (IPP) and the small power producer (SPP) have appeared since 1995. 
According to agreement, IPP and SPP (classified according to the scale of the contracted 
purchase) will be allowed to generate electricity and sell it to EGAT. If nothing goes 
wrong, it is expected that by 2006 some 2,300 MW of the country's installed capacity 
will be available from IPPs and SPPs. And another 14,400 MW of the IPPs' and SPPs' 
capacity is proposed to be commissioned by 2011. With private power participation, the 
capital constraint is expected to reduce considerably. 
To purchase power from neighbouring countries. As stated in PDP 97-0 1, in order to 
respond to the government policy on the joint development of energy resources with 
neighbouring countries, up to 1500 MW of power is expected to be purchased from Lao 
PDR by the year 2000 and the purchase of another 1500 MW will be completed by 
2006. Apart from purchasing electricity from Lao PDR, some collaboration with other 
neighbouring countries e.g. Myanmar, China or Malaysia is also under way. 
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4.4 Basic Concepts 
4.4.1 Fundamental postulates 
The electricity sub-model has been formulated in order to explore dynamic behaviour of 
electricity sector including its fuel and capital requirements. The process of simulation of 
this sector is straight forward. It includes firstly, electricity generation and capacity 
requirement forecasts, based on current electricity demand (from the energy demand sector) 
and its historical growth rate (past 10 years) and taking into account losses and station own 
use, peak load and reserve margin factors. Secondly, the gap between the forecast capacity 
requirement and existing available installed capacity determines how much new capacity 
needed to be built and the capital to be invested, taking account of all delays incurred during 
investment and construction. To process the above mentioned set of calculations, some 
fundamental characteristics of electricity industry must be considered. They are: 
• Electricity cannot be stored in widely usable forms like water and gas. Nor can its use 
be deferred or delayed as with most other commodities. It is assumed that demand for 
electricity can only be met by electricity generating capacity that is already installed. For 
example, if demand for generation rises above existing installed capacity, additional 
capacity will be needed. 
Electricity production is capital intensive and highly dependent on fossil fuels. 
Sufficiency and reliability can be built into it, but only at the expense of a rapidly 
increasing marginal cost (capital constraint) and rising fossil fuel expense (fossil fuel 
constraint). 
Furthermore, the electricity supply industry is time-dependent where change can only be 
achieved after a significant time lag, the function of delay is therefore incorporated into 
the model wherever it needed. 
• And finally, in order to represent closely Thailand's electricity sector, TEEM 
incorporates EGAT's planning criteria and assumptions in to its electricity sector system 
planning wherever possible. 
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4.4.2 Level of aggregation 
EGAT's system expansion planning has so far been made based on least-cost method 49 
Plants technologies and types of fuel are chosen by taking account of their cost and 
feasibility. In TEEM's electricity sub-model, no such an account has been included as TEEM 
is a high aggregated model and the purpose of building TEEM is to explore macro 
relationships of the energy sector with other sectors in the Thai economy. To facilitate 
exploration of the macro relationship, detailed aspects are kept simple. TEEM's electricity 
sub-model contains no sectoral or regional disaggregation. Power plants in TEEM's 
electricity sector are classified as only hydro and fossil fired power plants, with no further 
attempt to differentiate the fossil-fired plants by types of fossil fuels. 
4.5 Causal Structure 
The causal loop diagram describing the interrelationships among variables in the electricity 
sector (Figure 4-7) shows that the sector is simply represented as a single negative feedback 
loop - capacity adjustment loop. The variables in the loop work together to adjust the 
country's electricity generating capacity, in order to meet the country's goal - available 
capacity equal demand. As demand for electricity increases, the requirement for available 
installed capacity will also increase. For a given level of existing installed capacity, an 
increase in demand for electricity widens the capacity gap (the gap between the forecasted 
capacity requirement and existing available installed capacity), and eventually leads to an 
investment in new power plant projects. This investment becomes part of the existing 
electricity installed capacity, and the gap between capacity and demand is reduced. The loop 
is finally completed. 
To balance electricity demand and available installed capacity by approaching supply side 
management, described above, requires a significant investment in additional power plants 
and a great amount of fuel to be burnt for electricity generation. Both fuel and capital 
requirements will then connect the electricity sector to other sectors in TEEM. The 
relationships between the electricity sector and other sectors are presented by heavy arrows 
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Figure 4-7 	Causal relation of the electricity sub-model 
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Theoretically, the capacity adjustment loop works to keep the available installed capacity in 
pace with rising demand for generating capacity (estimated from peak generation with 
reserve margin of 15%), and therefore should be no under capacity. In the real world, 
because of delays either in investment or in construction, capacity shortage may occur, 
especially in many less industrialised countries. 
To give more detail on quantitative assumptions of the electricity sector, the causal relation 
in this sector is then translated into interrelated flow diagrams shown in Figure 4-8. 
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Figure 4-8 	The electricity sector's flow diagram 
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46 Description of equations 
4.6.1 Capacity planning 
Total capacity 
Total capacity is the theoretical ability of the country to generate electricity 53 , measured in 
megawatt (MW). In TEEM, this generating capacity is obtained from installed capacity plus 
imports. While the installed capacity is the country's existing available generating capacity 
(EGAT plus IPP and SPP in the future) to be simulated and explained later in this section, 
the imported electricity is the electricity that is planned to be purchased from neighbouring 
countries, such as from Lao PDR, whose values are set to be coincident with EGAT's latest 
power development plan 48  as shown in Table 4-1. Because of uncertainty with respect to the 
availability of long-term electricity imports, the value of electricity imports beyond 2010 is 
set to be zero and not included in the model. 
Table 4-1 	EGAT's planned imported electricity 







In TEEM, the installed capacity is obtained from both EGAT's, SPP's and IPP's fossil fired 
power plant installed capacity (FFPP) and hydro power plant installed capacity (HPP), both 
of which are to be invested in order to secure the country's level of available electricity. 
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Fossil fired power plant (FFPP) and hydropower plant (HPF) installed capacity 
Fossil fired power plant installed capacity (FFPP installed capacity) for a given year is 
derived from FFPP installed capacity in the preceding year less that which is depreciated and 
plus that obtained from new FFPP investment after taking account construction time. 
Similar to FFPP installed capacity, HPP installed capacity in any given year equals hydro 
power plant in the preceding year, plus that which is commissioned and minus that is 
depreciated in that year. In TEEM, the initial FFPP and HPP installed capacity was specified 
at 885 and 451 MW, respectively, based on Thailand's energy statistics 20 . 
Depreciation rate: FFFF and HFP depreciation rate 
Through time power plants become less effective and uneconomic, eventually leading to 
decommissioning and elimination from the existing installed capacity. In practice, the 
reduction in installed capacity will occur in discrete rather than average quantities, but to 
simplify the model, in TEEM's electricity sub-model, the rate of reduction is calculated 
simply from the existing installed capacity divided by average lifetime of power plants set at 
25 years and 50 years for FFPP 54 and HPP 55 , respectively. 
Construction time : FFPP and HPP construction time 
In TEEM, construction time refers to time taken to construct a power plant only. Time that is 
taken for preparation, such as purchasing appropriate land, obtaining building permits, or 
displacing villages from the site and time incurred because of unexpected circumstance are 
excluded. Construction time of a power plant varies with type, site and technology to be 
applied for the plant. For example, it takes 4-8 years to complete hydro power plants, while 
only 2-6 years is needed for those that are fossil-fired 54 . In TEEM, the construction time has 
simply been estimated from average construction time of fossil fired power plants (FFPP) 
and hydro power plants (HPP) which are 3.0 and 8.0 years for FFPP and HPP respectively. 
Hydropower plant investment 
In TEEM, the hydro power plant investment refers to the annual investment in new hydro 
power plants and is employed as an exogenous variable of which numerical values for 
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simulation time from 1970 to 1986 are ascribed to the actual rate of increase in hydro 
capacity during the period 1978-94, assuming an eight year of construction delay. The HPP 
investment, for the simulation during the period 1987-2006, was set coincident with EGAT's 
latest power development plan 48 , i.e. an increase of around 200 MW per year. However, 
because the country shows not much potential for electricity industry to develop water 
resource by building larger hydro dams, TEEM assumes that after the period of the latest 
EGAT's power development plan (2007 onward), the investment rate will be reduced to only 
100 MW a year. 
Fossil fired power plant investment 
Fossil fired power plant investment equals the annual investment in electricity capacity 
minus by investment in hydro power. 
Electricity annual investment 
Electricity annual investment indicates total amount of electricity capacity (MW) to be 
invested in each year. In TEEM, the electricity (capacity) investment is not modelled in 
discrete manner, but is derived from distributing evenly the additional capacity with 
investment adjusted time. The additional capacity is that of generating capacity needed to 
maintain secure supply (described later). The investment adjusted time is the time interval 
permitting the power industry to adjust the likely investment in new installed capacity (by 
building new power plants) toward the forecast required capacity. This is taken as 6-12 years 
based on the following: 
© There is no evidence to conclude historically how long it took for the investment 
adjusted time. 
The forecast interval in TEEM is set at 15 years. It is assumed that the maximum 
adjusted time is not more than the forecasted interval minus construction time and other 
time delays. 
As more time is spent on above activities (preparation and construction), less time will 
be left for adjusting the investment as shown in following diagram (Figure 4-9). 
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Figure 4-9 	Electricity investment adjusted time 
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The value for investment adjusted time has been estimated as follows: 
First, a set of values for the investment adjusted time has been calculated from the 
forecast interval (the number of years over which the electricity generation is forecast, 
equalling 15 years) reduced by the above mentioned time lag (preparation and 
construction time) estimated as 3-9 years, giving a value in the region 12-6 years. 
• This set of values were then tested (their impacts on model behaviour) and selected (as 
values for the electricity investment adjust time), based on the following. 
- For historical runs, the values that make the model generated behaviour close to 
the historical behaviour only were selected : 6, 7 and 12 years as a function of 
time. 
For reference projections, values for the adjusted time were selected based on 
the assumption that in all cases, the available installed capacity should be more 
than that demanded. Thus these values should be in the region that makes the 
model generate behaviour meeting this target (available installed capacity is 
more than that demanded). Here, the electricity investment adjusted time was 
specified at 9 and 11 years depending on average capacity utilisation, CU, factor 
(described later). If the CU factor is greater than 0.55, then the adjusted time 
will be 9. If the CU factor is equal to or lower than 0.55, then the adjusted time 
will be 11, meaning more time for the Thai authority to adjust (add) the available 
installed capacity. 
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It should be emphasised here that, to calculate the adjusted time by relying on a crude 
estimation of time lag may make the electricity sub-model subject, to some extent, to errors 
especially for the simulations which are carried out into 2050. In the future, if more precise 
values of either investment adjusted time or the time to be used for construction, preparation 
and other delays is available by other means of calculation, the current values for investment 
adjusted time may be substituted by new values to obtain more precise results. 
Electricity additional capacity 
Additional capacity is the capacity to be invested within 15 years (from the current 
simulation year) to meet forecast demand. If the level of forecasted capacity requirement is 
less than the level of existing available capacity, the capacity ratio (the ratio of forecasted 
capacity requirement to the existing generation) is less than 1.0. In such a case, additional 
capacity or new investment in power plants would appear not to be necessary. However, 
given that there should always be more installed capacity than demand, in TEEM, the 
criterion for investing new or additional capacity is specified at 0.7 rather than 1.0 : for a 
capacity ratio less than 0.7, the additional capacity will be zero : for a capacity ratio greater 
than 0.7, the additional capacity will be calculated as the following equation: 
additional capacity = (capacity ratio - 0.7) * total existing installed capacity 
Forecasted capacity requirement 
Capacity is forecasted in TEEM for 15 years, according to the EGAT's latest development 
plan. The forecast function "FORCST", available in "STELLA" 56, is used to calculate the 
numerical value for the forecasted capacity requirement, using a simple trend extrapolation, 
based on a first order exponential average method and a time of 10 years. FORCST 
extrapolates on the basis of current capacity requirement, the past trend, the initial trend 
(0.15 : fraction average trend of capacity requirement before 1970), and the given time 
horizon (15 years: forecast 15 years into future). 
Capacity requirement 
For demand to be met at all times of the year, the capacity requirement must be designed to 
meet all load fluctuations, plus some reserve margin. In TEEM, the capacity requirement is 
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calculated taking account of all relevant factors described below: 
Electricity generation. The level of generation used by TEEM is the cumulative amount of 
electricity for all economic activities, including that used by power stations, and losses 
during transmission and distribution, expressed in GWh in any given year and derived from 
the energy demand sub-model. 
Electricity losses and own-use factor. The amount of own use of electricity and electricity 
and of losses varies from year to year, but historically accounted for about 14 % of total 
electricity generation 20 . Allowing for improvement in transmission and distribution, a value 
of 12 % is used for the simulation period of 2010-2030 and of 10 % for the simulation 
55 beyond 2030. 
Load factor (LF). In addition to its long term growth trend, the demand for electricity 
varies with times-of-day, week, month and season. These variations are often expressed as 
system load factor, which is the ratio of electricity generation to its peak capability. Because 
the country's electricity generating capacity must be able to meet all load fluctuations, in 
TEEM, an average load factor variable is incorporated into the equation of the capacity 
requirement, in order to obtain the generating capacity which is able to meet the peak 
demand. 
In TEEM, the load factor for each simulation time from 1970-1995 was estimated based on 
the historical average annual load. After 1995 it is derived based on assumptions about the 
operation of EGAT's system stated in EGAT's latest plan. The load factor used in TEEM's 
simulation is presented in Figure 4-10. 
Generating reserve margin (GRM). Some margin of safety or some excess capacity has 
also to be added in total national capacity requirement in TEEM. To calculated capacity 
required, GRM, percentage of excess generating capacity, is incorporated into the equation 
of capacity requirement. In TEEM the GRM values presented in the equations are all based 
on EGAT's latest PDP, i.e. 15 % before 2000 and 25 % after 2000. 
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Capacity utilisation (CU) factor 
Capacity utilisation CU factor of individual power plant is ratio of the electricity the plant 
actually generated in a certain period of time to that which would be generated if the plant 
were run at its full potential. Thus, the CU factor indicates level of plant utilisation. CU is 
affected by a number of factors, such as the position of the plant in merit order or its outage 
rate. In Thailand, while the average plant capacity factor of hydro plant has gone down due 
to frequent water shortages, the capacity factor of steam and combined cycle plants have 
steadily increased due to increasing availability of domestic fossil fuels, i.e. natural gas and 
lignite. However, in the past, records indicate that the average CU factor of the country has 
remained in the range of around 45-65 % (Figure 4-11). 
In TEEM, the average CU factor is used for indicating the level of utilisation of the country's 
total generating capacity; its normal value is set at 55% (or 0.55). If the CU factor is high 
(CU factor >55%), it is assumed that almost all the country's generating capacity is already 
utilised, by contrast if the CU factor is low (less than 55%), there is some capacity left. Thus 
CU factor is used to justify the ability of the Thai electricity industry to cope with the change 
in demand. 
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4.6.2 Fuel requirements 
Electricity sector's fuel requirement refers to total fossil fuel used in electricity generation, 
notwithstanding fuel type. When demand increases, the quantity of fossil fuels required for 
electrical power generation inevitably increases. In TEEM's electricity sector, fuel 
requirement is derived using FFPP's electricity generation and the average plant efficiency. 
Plant efficiency 
The efficiency of a plant dictates how well the burnt fuel can be converted into electrical 
energy57 . Due to fundamental thermodynamic constraints, little improvement has been 
possible for those steam turbine power plant efficiency 58 . Large power stations, built during 
the post-second world war period in the west, for example, were slightly more efficient than 
their predecessors, but they still convert only 35 % or, at best, around 50 % of energy in the 
fuel used into useful energy in the form of electricity 59 . 
While a little improvement of plant efficiency can be done for steam turbine power plants, an 
extensive improvement (up to 55%) can be obtained with the combine cycle gas turbine 
power plant (CCGT). With this advantage, the share of CCGT power plants in power 
generation has dramatically increased in many countries throughout the world. 
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Due to the prime share of steam turbines in EGAT's power generating system (as described 
in the historical behaviour section), the record of average (all types of fossil fired power 
plants) thermal efficiency of EGAT's fossil fired plants over the past 25 years (1970-94) 
shows a gradual improvement, from 33 % in 1970 to 34 % in 1980 and just about 38 % in 
recent years  (Figure 4-12). 
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As EGAT plans to standardise on CCGT for their new power plants, it is therefore likely 
that the plant efficiency will be improved further. In TEEM, the plant efficiency factor, 
which is illustrated in Figure 4-13, is derived based up on EGAT's average plant efficiency 
(as shown in Figure 4-12). 
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4.6.3 Capital investment 
Capital investment in the electricity industry is the capital allocated annually for new power 
plant projects. As more capital is allocated to the power industry, more new capacity will be 
installed, thus increasing available installed capacity. In TEEM, the electricity capital 
investment is calculated from the annual investment in new fossil fired and hydro power 
plants, each of which is derived from the investment in new generating capacity (MW) 
multiplied by the unit capital cost (million bahts per MW) of the generating capacity. 
Unit capital cost ofpower plants 
Unit capital cost of a power plant is total capital cost divided by the plant's rated capacity 54 
In any investment, unit capital cost of power plant varies with time, types of power plants 
and their locations. For example, for a typical large modern fossil-fired power plant built in 
UK in 1992, the unit capital cost ranged from US $ 1.240 million (gas fired plants) to 1.485 
million per MW (coal fired plants)54 , while those that built in 1970, was cited to be around 
US$ 0.15 million and 0.185 million per MW (1970 price) for a plant without and that with 
SO2  removal and thermal pollution reduction apparatus, respectively 53 . 
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In Thailand, capital costs of power plants are usually estimated by EGAT (cited in reference 
55). Generally, this cost (adjusted to 1990 prices) varies with types of power plant ranging 
from roughly 10 million bahts per MW for a pumped storage plant to 28.6 million bahts per 
MW for a lignite fired plant with FBC. The unit capital cost of power plants is likely to 
increase when more sophisticated technologies, particularly those that for reducing certain 
air emissions, are applied. The capital cost of power plants estimated and proposed by EGAT 
is presented in Appendix 1. 
In TEEM's production and fossil energy sectors, capital refers to physical capital such as 
buildings and equipment which are not affected by currency fluctuations. To be consistent 
with that in the production and fossil energy sectors, here although the capital is measured in 
a money unit, it refers to physical capital in the electricity sector such as buildings and 
equipment for power generation. This is not affected by currency fluctuations and has the 
same value at any point during the simulation time. Since 1970 is assumed to be a "normal" 
year in TEEM, capital per unit capacity at any time of simulation must reflect the value of a 
baht in 1970 only. 
Figure 4-14 demonstrates graphically the average unit capital cost of fossil-fired power plant 
estimated based on above citation and assumption (detail of estimation can be seen in 
Appendix 2). 
Energy economists agree that it is impossible to predict exactly the future unit capital cost of 
power plants. In Figure 4-14, the capital cost of fossil-fired power plants was estimated only 
from 1970 to 2010, where the estimated cost shows a consistent upward trend with time, 
ranging 3.4 -12.8 million bahts (constant at 1970 price). For the cost beyond 2010, due to 
lack of available future cost estimate, and for simplicity, in this stage TEEM simply assumes 
that the capital per unit FFPP capacity will increase at the rate, coinciding with that of 
western countries, at about 3 % per year 60 . Future modification would be available when 
there is more experience of this variable. 
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Many energy experts have asserted a relatively higher unit capital cost of conventional 
hydro-power plants when compared to fossil fired power plants. Penner 61,  for example, 
estimated that unit capital cost of hydro-power plants in 1970 was between U.S.$ 200- U.S. 
$400 per kW. Due to lack of data available, in TEEM the average value (U.S.$ 300 per kW) 
of this estimate plus transmission cost 10 % (to be 330 US$ per kW or 6.9 million bahts per 
MW) will be employed. It was also assumed that the capital cost of HPP would increase 
gradually and continuously through time, with an increasing rate of 3 % per year in real 
terms. The capital cost of HPP is depicted graphically in Figure 4- 15. 
4.7 Electricity sector simulation runs 
This section presents the simulation runs of the electricity sector alone, with electricity 
demand set as an exogenous variable, based on historical data of energy demand and its 
historical growth rate. The run can be divided into two. First, a historical run (run from 1970 
to 1995) compares the model-generated historical behaviour with actual data (presented in 
Section 4.3) to obtain a confidence of model validity. Second, a projection run (run from 
1995 to 2050) projects future behaviour of the electricity sector to the year 2050, assuming 
electricity demand follows its long-term historical growth rates. 
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4.7.1 Historical runs 
Figures 4-17 A and B present the historical behaviour of the electricity sector when actual 
data of electricity demand from 1970 to 1995 is used as an exogenous input (Figure 4-16). 
Figure 4-17 A shows that, historically, the Thai electricity industry was more or less able to 
cope with increased demand. As electricity generation and peak demand increased from 3.9 
TWh and 0.7 GW in 1970 to 80.8 TWh and 12.7 GW in 1995, available installed capacity 
also grew from 1.3 GW to 17.8 OW over the same period. Of the increased installed 
capacity, fossil fired power plants contributed the major proportion, with their share 
growing from 66 % in 1970 to 85 % in 1995 : the rest was hydro power plants. 
Figure 4-17 B shows that, as the electricity generation increased, the requirement for fossil 
fuels to be used in generating electricity and for capital to be invested in building new power 
plants also grew from 0.6 M toe and 0.8 billion bahts to 16 M toe and 28 billion bahts, 
representing an average increase of 12 % and 15 % per annum, respectively. 
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Figure 4-17 	Electricity sector (historical runs) 








_. installed capacity 
_-_ total generation 
I 	1 	1I 









Chapter 4 :Electricity 







—o-- capital required 








I 	I 	 I 	I 	10 
1970 	1974 1978 1982 1986 1990 	1994 
year 
4.7.2 Projection runs 
Figures 4-18 A and B illustrate the results obtained from projection runs of TEEM's 
electricity sector. The run is based on long-term historical growth rate of electricity demand, 
set at 10 % per annum. The figures show an increase in capacity from 17.7 GW in 1995 to 
2,766 GW in 2050 (Figure 4-18 A) with corresponding capital and fuels requirements of 
17.2 trillion bahts and 2,284 Mtoe by 2050, respectively (Figure 4-18 B). 
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Figure 4-18 	Electricity sector (projection runs) 
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4.8 Chapter summary 
When the electricity sub-model runs alone using historical data and long-term projected 
growth rates of electricity demand, the main features are: 
the historical run results are similar to Thailand's past experience in the electricity sector in 
that both electricity generation and installed capacity increased significantly (see Figures 4-1 
and 4-17 A), leading to a rapid growth in requirement for fossil energy and capital from 
power industry (see Figures 4-5, 4-6 and 4-17 B). 
When driven by historical growth rate of electricity demand at 10 %, the projection runs 
produce results indicate significant growth in the electricity sector. However, it is unlikely 
that this growth rate of electricity demand will be maintained and consequently, the 
projection runs in this sector should be viewed as a benchmark. The value of the projection is 
that it provides quantitative data to be compared with the results obtained from running 
TEEM as a whole in Chapter 8. This comparison would then provide data on what policies 
can influence and improve the energy system of the country. 
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5.1 Introduction 
Over the past two decades of Thailand's economic transition, fossil energy has been the 
major source of energy powering the development of the economy. In 1995 fossil energy 
contributed the single largest proportion to Thailand's primary energy supply, accounting for 
about 70% of the total. Given limited competition, it is likely that fossil energy will dominate 
the country's energy demand-supply balance, at least for several decades ahead. 
Most of the fossil energy used in the country is imported, accounting for about 57% - 90% of 
total supply of fossil energy during the 1980s and the first half of 1990s. Both recent and 
future increases in demand for fossil energy will impose a significant burden on the 
country's fossil fuel bill and consequently on the country's balance of payment, especially if 
the price of energy rises, as witnessed in the oil crises during the second half of 1970s and 
the first half of 1980s. 
A number of measures have been implemented in order to tackle this burden and foreseeable 
risks. Among these the development of the country's indigenous energy sources has been 
important. After the second oil crisis, encouraged by a sound investment environment 
substantial capital was invested, by international oil and gas companies and local lignite 
mining companies, in exploring for domestic fossil energy. As a result, the most promising 
sources, such as lignite in 'Lampang' province and natural gas in the Gulf of Thailand, have 
been developed. A significant amount of fossil energy is now produced at an economic 
scale, and has been made available in the energy trading market. This has, to some extent, 
reduced the country's dependence on imported fossil energy (from about 98% of total in 
1970 to only 57% in 1988). However, with the rapid growth in demand for energy during the 
past ten years, the percentage of fossil energy imports has again increased (to be 65% in 
1995) though it has not yet reached the previous level. 
With the recent energy policy aiming to diversify sources of energy supplies and-to maintain 
share of domestic energy in the country's total energy utilisation, together with a rapid 
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increase in fossil energy demand, the promotion of fossil energy development is expected to 
increase or at least remain unchanged from the current level, though with different rates for 
types of fossil energy. 
This chapter describes and discusses the formulation of TEEM's fossil energy sub-model. 
The chapter starts by presenting fossil energy model's simulation purposes in Section 5.2, 
following with a review of Thailand's past experience within the fossil energy sector 
(Section 5.3). Section 5.4 describes and discusses the basic concepts and underlying 
assumptions on which the model structure is based. These concepts and underlying 
assumptions are then translated into the causal structure and detailed flow diagrams in 
Section 5.5, with major model equations described later in Section 5.6. The model behaviour 
resulting from the concepts and assumptions is illustrated and discussed in Section 5.7. 
Finally, the chapter summary is presented in the final section of the chapter (Section 5.8). 
5.2 Simulation purpose 
The fossil energy sub-model in TEEM is formulated to simulate the long-term dynamics of 
fossil energy supply in Thailand in association with the dynamic behaviour of other sectors. 
As fossil fuels are directly utilised both in domestic and production sectors (industry, 
agriculture and service), and burned to generate electricity in fossil fired power plants, the 
dynamic behaviour of the energy demand of both the energy consuming and electricity 
sectors do have influential effects on demand for fossil energy, thereby influencing the 
dynamics of fossil energy sector. During the course of the simulation, a set of issues is 
specified. They are : the capability of domestic fossil energy production to satisfy the rising 
demand for fossil energy, the size of domestic fossil energy deposits, and capital 
requirement for domestic fossil energy development. 
5.3 Historical behaviour 
5.3.1 Exploration and Production 
Although fossil energy has played a significant role in Thailand's past energy usage, the 
country was never near self sufficient in fossil energy supply. The requirement for fossil 
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energy was met almost entirely from imports. This was the situation until the first half of 
1980s, when the two oil crises forced Thailand to make more effort to develop indigenous 
fossil energy. By the end of 1980s, domestic production of fossil energy was accelerated, 
leading to a dramatic increase in the volume of fossil energy produced locally. The 
production volume rose from an insignificant amount of 97 ktoe per year in 1970 to 17,903 
ktoe in 1995 (figure 5-1). During the 1980s there was a double or even triple increase every 
two years in domestic production, through accelerated exploration and production of lignite 
and natural gas, which became Thailand's most promising sources of fossil energy. 
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5.3.1.1 Petroleum (oil and gas) exploration and production 
Petroleum exploration began in Thailand in 1921 when the government hired an American 
geologist to conduct an oil search survey: it was expected that oil would be used as a 
substitute for wood in the steam engines that drove trains. Subsequent surveys by various 
government agencies indicated small oil deposits in northern Thailand. Not until the late 
1950s did the Ministry of Defence start oil production, but at a rate of less than 500 barrels 
per day62 . During that period, some concessions were also issued to a number of 
international oil firms (mostly American) with more experience in oil exploration and 
development activities, and with more capital for investment in such industry. However, due 
both to low oil prices and to poor discovery rates, there was little incentive and the 
production of oil was low with no growth. 
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During the oil crises, both the surge in oil prices and the amendment of regulations on oil 
development activities made exploration in Thailand more attractive and of interest of large 
international companies. The search for oil was accelerated, while drilling activities were 
conducted intensively throughout the concession areas. Figure 5-2 shows the numbers of 
exploratory wells drilled per year during the past two decades 19 . 
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With the intensive exploration, several companies were fortunate to discover oil and natural 
gas deposits large enough to justify production which has since been carried out 
commercially. The number of development wells drilled and volume of oil and gas 
production is shown in Figure 5-3. 
The production of oil and gas, shown in Figure 5-3, increased from almost zero before the oil 
crises to about 12 M toe a year recently. As oil and natural gas are widely used in the Thai 
economy especially in the electricity sector; their production capacity is anticipated to be 
expanded further for at least a few decades ahead. 
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Figure 5-3 	Oil and gas production and development well drilled 
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5.3.1.2 Lignite exploration and production 
Activities for both investigating lignite deposits and extracting lignite were carried out 
sporadically for more than 5 decades before significant utilisation. While the first 
investigation of lignite deposits was recorded to be conducted in 1898 (and mined 2 years 
later for 5 years), detailed exploration was not carried out until 50 years later in 195063. 
Investigations and developments during 1898-1950, ceased on the grounds of technical and 
financial constraints. 
As a result of the exploration in 1950, it was reported that the proven reserves of lignite in 
the area were sufficient to support large capacity thermal power generation, and it would be 
economical to have power plants right beside the lignite mines. In response to the results of 
the report, a 12.5 MW lignite fired power plant was later constructed at Mae-Moh sub-
district (commissioned in 1960), Lam-pang Province (see Figure 1-1), while lignite was also 
mined in the same area, mainly to supply lignite for the power station at the site 64 . 
Since 1970, the proportion of lignite in energy supply has increased gradually and more 
efforts have been made to locate lignite deposits (up to 1984 a total of 58 lignite deposits had 
been located 63). As a result of increasing discoveries, domestic lignite became a more and 
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more reliable source of fossil energy (in terms of its quantity). By 1984, encouraged also by 
the surge in oil prices, the use of lignite both in electricity generation and industrial 
production increased dramatically. More lignite-fired generating plants were established and 
brought into operation thereafter, especially at Mae-Moh sub-district, where in 1972 the 
capacity of the plant increased from 72 MW to 585 MW in 1984, and to 2,625 MW in recent 
years 5 . As a result of increasing lignite fired power plants, the use of lignite in electricity 
generation increased from 326,000 tonnes in 1972 to over 5 million tonnes in 1988. 
Meanwhile, lignite usage was also promoted in the industrial sector e.g. for tobacco curing 
and cement plants, where utilisation of lignite increased from 7,271 tonnes in 1972 to over 
one million tonnes in 19886.  The trend of lignite production and utilisation is shown in 
Figure 5-4. 
Figure 5-4 	Total lignite production and consumption by sector 
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Figure 5-4, presenting the lignite production and consumption from 1970 to 1995, indicates 
that for over two decades electricity generation has been by far the most important user of 
lignite. The tonnage has increased steadily until recently, despite competition from gas. At 
the same period, although the direct use of lignite as a fuel in other industries has increased, 
it still occupies a smaller portion (about one-fourth in recent years) compared to use in the 
power industry. With the utilisation proportion shown in Figure 5-4 and the characteristics of 
domestic lignite (low heat, high sulphur and ash), the projected consumption and production 
of lignite will rely to a large extent on utilisation in electricity generation. 
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5.3.2 Resources and reserves 
At this point, the term resource and reserve will be first clarified. The U.S. Geological 
Survey cited in Nai11 65 has defined the term reserve and resource : reserve refers to 
economically recoverable material in identified deposits: resource includes deposits not yet 
discovered and identified deposits that cannot be recovered with current technology or 
economics. Naill has stated further that resource is in a finite supply. Technological 
advances, price increase, and exploration activities may expand the reserve for a time, but do 
not affect the resource 
In addition to the general classification between resource and reserve, reserves are usually 
classified further as proven reserve, probable or possible reserve and ultimately recoverable 
reserve. "Proven reserve" of oil is the total amount of oil that has been proved to be 
recoverable by conventional means (about one-third of the discovered oil 65 '66'67): "probable 
or possible oil reserve" is the amount of oil that is likely to be achievable as a result of 
further exploration and development work and/or changed economic and operating 
conditions66 . Ultimately recoverable oil is total amount of oil that will ultimately be 
recovered, given the expected long-term developments of recovery techniques over all 
time 6566 
5.3.2.1 Fossil energy reserves 
Fossil energy exists as a non-renewable finite resource, not always in places where it is 
extractable. Details of reserves need to be known either at global or national level, when 
confirming available energy. 
At a global level, the estimates of fossil energy reserves, particularly oil and gas, are the 
subject of debate. Even at national level, there are often no universally accepted estimates of 
fossil energy reserves in every country 68 , so any estimate has to be treated with extreme 
caution. The inconsistency of estimation of fossil energy is attributed by several energy 
experts to a number of reasons, for example : uses of different estimating techniques; 
different classification of petroleum fluids; and even political reasons (distorting the 
estimate)65 '68 . Compounding this problem is the uncertainty over prices, demand and 
development cost, all of which have indirect effects on the estimates 69 
108 
Chapter 5 :Fossil Energy 
5.3.2.2 Thailand's oil and gas reserves 
The exploration results from a number of wells drilled inland and offshore, so far does not 
show much promise for Thailand's oil reserves 70 . Most exploratory wells drilled were 
declared dry holes or sub-commercial discovery wells. Better understanding of the geology 
of the areas was suggested to be a prerequisite to the success of future exploration. In 
contrast, the results from natural gas exploration, particularly those that are located in 
offshore areas, proved the existence of rich natural gas reserves. 
From exploration carried out so far, a number of estimates have been made of the oil and gas 
reserves of the country. Theses estimates have varied mainly because they depend on the 
geological complexity of the area and the technologies applied to the estimates. The World 
Bank for example, has estimated the "ultimate potential" oil reserves (total amount of oil or 
gas that will ultimately be recovered from the earth's crust with in the country's boundary 
and over all time) at some 1.15 billion barrels and gas reserves at some 19.3 trillion cubic 
feet (613.6 billion cubic metres), while the proven reserves of oil was published at some 180 
million barrels and that of gas was 12.9 trillion cubic feet (410.2 billion cubic metre) 6 . Oil 
and gas surveys have also been conducted by the Department of Mineral Resources with the 
latest published result of proven, and probable, reserves shown in Table 5-1 5 . 
Table 5-1 	Oil and gas reserves 
Types of energy Proven Probable Total 
reserves reserves 
Natural gas (billion cubic feet) 7,119.8 19,730.9 26,850.7 
(billion cubic metre) (226) (627) (854) 
Crude oil and condensate 
(million barrels) 295.2 502.5 797.7 
Regardless of which estimate proves correct, there is considerable discussion about whether 
the crude oil and gas reserves in the country can be converted into high level of production. 
In the short-term, this may be highly dependent upon the amount of capital oil companies are 
willing to invest in Thailand's oil and gas industry. This is again dependent on oil price and 
any incentives available. 
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5.3.2.3 Thailand's lignite reserves 
Detailed exploration and development of lignite reserves have been carried out on several 
promising fields. The latest results confirm that the largest deposit is located at Mae Moh 
basin, with proven reserves of more than half of the total proven reserves of the country 
(1,302 million tonnes out of the country total reserve of 2,330 million tonnes 5). However, the 
quality of lignite in this area has been found to be relatively low when compared to lignite 
from other areas. The calorific value of the lignite from Mae Moh basin is only 10,000-
12,500 kJ/kg, with rather high sulphur and ash contents at about 0.8-1.5 % and 10-30 %, 
respectively6'63 . Due to the low quality and increasing concern for environment, future 
utilisation of domestic lignite seems to be rather limited, though the reserves are abundant. 
5.3.3 Fossil energy Capital 
5.3.3.1 Domestic capital 
In Thailand, although the government has played no active role in petroleum exploration and 
production, it has been instrumental in making possible petroleum production by the oil 
companies that find commercial deposits of oil and natural gas. The petroleum Authority of 
Thailand, which is a public enterprise dealing with petroleum matters, is the sole buyer of 
local oil and gas and has also invested significant funds in construction of gas pipelines, 
control stations and other facilities to facilitate the domestic oil and gas production. The 
investment in energy projects by the Country's public enterprises has increased substantially 
during the past 20 years (see Figure 2-5 in Chapter 2). This was, in part, due to oil and gas 
development activities, especially, during the late 1970s and early 1980s, when the oil and 
gas development was remarkably accelerated. 
Because there is very limited data on energy investment, at this stage, it is not possible to 
identify, historically and currently, how much capital was spent annually on fossil energy 
investment projects. In the paper on energy economics 8 , published by DEDP (Department of 
Energy Development and Promotion, Ministry of Science, Technology and Environment), 
however, it was quoted that electricity investment in the period of 1987-91 required about 
70% of total investment on public enterprises in the country. If there were no other energy 
investments during that period, it may be argued that the rest went to investment in 
developing fossil energy. 
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5.3.3.2 Foreign investment 
Although fossil energy development projects were initiated and carried out in the first place 
by the government bodies (as mentioned earlier), development and trade on a commercial 
scale has later been conducted extensively by the private sector (i.e. either by local private 
firms or international oil and gas companies). Indeed, the oil and gas industry has always 
required external foreign capital investment, where the foreign direct/indirect investment in 
oil and gas industry was quoted to play a prominent role in energy development in Thailand, 
since the share, was a relatively higher proportion of total foreign capital inflow 71 . There is 
no evidence showing precisely the amount of capital that the private firms invested in 
developing fossil energy projects. However, the recent study on international capital flows 
and economic adjustment in Thailand 71  has shown a declining foreign investment in 
petroleum projects from about 1.2 billion bahts per year during the period of 1980-86 to 
about half of the above figure during the period of 1986-90, accounting for only 1.8 % of 
total foreign capital inflow during the same period (Figure 5-5). 
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5.4 Basic concepts 
5.4.1 Level of aggregation 
5.4.1.1 Types of fossil energy 
Although there are several forms of fossil fuel (petroleum: oil, natural gas and condensate; 
coal or mostly lignite for the case of Thailand), in TEEM, they were arranged into a single 
group of fossil energy. This was done in order to obtain simulation results (fossil energy 
supply) to be comparable with the variables (demand for fossil energy) in the energy demand 
and the electricity sector. Where in the energy demand and the electricity sectors, utilisation 
of fossil energy was simulated and given a result in an aggregate amount of all kinds of fossil 
fuels. 
Moreover, oil, natural gas and lignite (in Thailand's case) share similar dynamic 
characteristics (increases in production and utilisation). Since TEEM's purpose is to simulate 
the long-term dynamic behaviour of the key factors of the model, no new insight would be 
gained by dis-aggregating fossil energy into different types and simulating them separately 
as individual types of fossil fuels. 
The aggregation of fossil fuels into a single category (fossil energy) required a clear 
definition of their products and utilisation. In TEEM fossil energy is defined as the finished 
products of non renewable energy that are directly used (burnt) in economic activities and 
electricity generation. Nuclear fuels and electrical power are excluded from this fossil energy 
category. 
5.4.1.2 Source of capital 
No further disaggration is made to separate TEEM's fossil energy capital. Both private 
(internal and external) and public (internal and external) investments in the fossil energy 
sector have been grouped into a single category of fossil energy capital. 
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54.2 Values for parameters 
In TEEM the historical data for oil and gas has been used as representative values for some 
fossil energy parameters. This is done due to the following reasons. 
• Oil and gas dominate Thailand's fossil energy production and utilisation. 
• Oil and gas dominate dynamic behaviour of fossil energy sector. 
The domination of oil and gas on the production and utilisation of fossil energy 
As mentioned earlier, lignite and petroleum are the only two sources of fossil energy used in 
the country. While lignite is likely to be the most promising energy source because of its 
abundant domestic reserves, oil and gas, notwithstanding their comparatively limited 
domestic reserves, have been used to meet over one-third of Thailand's fossil energy 
consumption. Over the past two decades, oil and gas make the single largest contribution to 
the fossil fuel supply and consumption, at about 85%-98%. Figure 5-6 reveals that although 
oil and gas lost about 15% of their share in energy consumption to lignite during 1980s, the 
value of consumption in absolute terms, nevertheless will continue to increase for at least 
another few decades. 
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The production of fossil energy (Figure 5-7), during the 1970s, included a 90% contribution 
from lignite. By 1980 the production ascribed to lignite, however, decreased with increased 
oil and gas exploration and production. In recent years, oil and gas shares the major 
proportion (65%) of fossil fuel production. Many experts believe that unless Thailand runs 
out of oil and gas reserves this proportion is likely to remain unchanged 72 . 
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The domination of oil and gas on the dynamic behaviour of fossil energy sector 
Because oil and gas are the dominant sources of fossil energy produced locally, imported and 
used in the country, changes in oil and gas supply (production and imports) and demand 
(consumption) dominate the dynamic behaviour of Thailand's fossil energy sectors. The 
fractional increase in production, imports and consumption of fossil energy as a whole and of 
oil and gas in particular, is very similar (Figure 5-8 A and B). The following observations 
may be made 
Imports comprised almost entirely the supply of fossil fuels and oil and gas during 
1970s. 
o By the end of 1970s, domestic production was in place and replaced part of fossil 
fuel imports. 
e In the 1980s, domestic production (particularly of oil and gas) was able to keep pace 
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with annual increasing demand for fossil fuels, both fossil energy (Figure 5-8 A) and 
petroleum imports (Figure 5-8 B) roughly remained unchanged. 
• When demand for fossil energy rose more rapidly in the late 1980s and early 1990s 
than domestic production capacity, there was a sharp increase in the volume of 
imports of both fossil energy as a whole and of oil and gas. 
Figure 5-8 	Fossil fuel and oil & gas supply and consumption 
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For the above reasons, the assumptions upon which TEEM is founded, and some parameters 
assigned in TEEM's fossil energy sector, are taken from historical data of oil and gas. 
5.4.3 Fundamental postulates 
There are fundamental characteristics of fossil energy supply which must be considered. 
Fossil energy resources represent a finite supply, widely distributed in grade and location. 
With this fundamental postulation, a number of assumptions are applied to TEEM's fossil 
energy sub-model. They are: 
Only a certain amount of fossil energy can be extracted from the country's boundary. 
• The fossil energy stock is then depleted. 
• When the sources of fossil energy are depleted, exploration and production cost 
tends to increase, thereby decreasing production rates. 
As the production rates are reduced, depletion rates of fossil resources will decline. 
. The fossil energy sector cannot instantly adjust its production capacity (every step of 
fossil energy development always has either short or long delay). 
For these reasons, it is assumed further that fossil energy production capacity relies 
exclusively on two factors: resource depletion (represented by the fraction of fossil energy 
resources remaining), and capital available (for exploring, extracting and transporting fossil 
energy to end users), each category is discussed as follows. 
5.4.3.1 Resource depletion 
Given that a limited amount of the fossil energy resource is recoverable, in circumstances of 
either stable or increasing production, fossil energy will inevitably approach depletion. This 
is evidenced both by the decreasing amount of fossil energy discovered per well metre of 
drilling in the U.S. (where the oil discovered per well metre drilled has decreased drastically 
as a function of cumulative footage drilling since the late 1960s) and the production of oil in 
North sea (where the production has levelled off and is projected to decline in the near 
future) 69 
In TEEM, resource depletion plays a crucial role in determining the level of fossil energy 
production, as TEEM assumes that when the fossil energy stock is depleted, the productivity 
of fossil energy (ktoe per year of output obtained per million bahts of capital investment) 
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will decline. This is because smaller reserves in less promising locations will be developed 
when the best, more promising and productive reserves are exhausted. 
5.4.3.2 Capital available for investments 
The exploration, extraction and processing of fossil fuels, particularly that of oil and gas, are 
capital intensive. The volume of fossil fuel output produced within the national boundary 
depends upon the production capacity available from adequate investments in fossil fuel 
development activities. Indeed, fossil energy production levels in many areas have shown 
direct relationships between the amount of capital invested in energy production and the 
volume of fuel produced. For example, although OPEC has vast amounts of oil deposits, 
they lacked capital and their oil and gas production rates were far less than those of non-
OPEC oil producing countries. On the other hand, with foreign investment in fossil energy 
development after the oil crises, former oil importing developing countries, for example, 
Indonesia, Mexico, China, were, after the oil crises, able to produce oil and gas for domestic 
consumption. This group of countries (non-OPEC oil exporting developing countries) was 
able to boost their production share from about 9% of world oil production in 1975, up to 
11% and 19% by 1979 and 1985 respectively 69 . 
Thus, sufficient capital investment in exploration and extraction activities is a prerequisite 
for keeping proven reserves in line with production rates, and for obtaining a consistency of 
fossil energy production to meet the demand for fossil energy. 
5.5 Causal structure 
The causal structure of the fossil energy sector of TEEM is adapted from oil and gas sector 
of the 'COAL2'model 65 . Some model parameters, particularly those that are related to fossil 
fuel investment, are also drawn heavily from this study. The reasons underlying this 
modification can be summarised as follows: 
investment in fossil energy development projects is not the main focus of TEEM (but 
needs to be included in the model), the oil and gas sector of the 'Coal2' model was a 
convenient source of structure in this area; 
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e there was lack of data on fossil energy developments, in particular, data underlying the 
investment decision and capital determinations; 
• most of the oil and gas companies are United States based companies 63 . Therefore, the 
determination of oil and gas development in Thailand is likely to have similar criteria to 
oil and gas developments in the United States, i.e. influenced by marginal profits and 
companies' annual revenues. Coal 2's oil and gas sector simulated the investment in oil 
and gas production in the United States; 
• also, the petroleum industry in the United States is more advanced in its evolution 
toward total depletion than that of any comparable area of the rest of the world 73 . The 
model of United States was used as a template for the fossil energy model structure to 
provide a complete picture of fossil energy life cycle for TEEM; 
• dynamic behaviour of the fossil energy sector is dominated by that of oil and gas (as 
discussed earlier), it is therefore justifiable to just simply use some parameter values 
from the oil and gas sector of Coa12 model. 
TEEM's fossil energy sector comprises supply and demand as other models of energy. While 
demand for fossil energy is determined by direct fossil energy usage to meet direct energy 
demand of all economic sectors and that of the electricity sector, fossil energy supply derives 
from two sources: domestic production, and imports. In TEEM, imports are treated as a 
residue of the demand which is unable to be met from domestic production. 
The simplified diagram illustrates the basic structure of fossil energy sector can be seen in 
Figure 5-9. The heaviest lines in the figure show the connections of fossil energy sector with 
other sectors in TEEM. 	- 
The causal structure (Figure 5-9) describing inter-relationships among key variables in the 
fossil energy sector illustrates that the sector is constituted by three major feedback loops, 
two of which are negative: capital efficiency loop; investment loop; and one is positive: 
capital growth loop. These three feedback loops work together to adjust Thailand's fossil 
fuel production capacity and thereby adjusting fossil energy depletion. 
At a certain point in time, if the strengths of the positive and negative loops in the sector are 
exactly equal, the production capacity will be constant (stable price, capital and production 
rate) with time, representing the equilibrium status of the sector. However, if the positive 
loop is dominant, the production capacity will increase exponentially and vice versa. 
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Figure 5-9 	Fossil energy sector's causal structure 
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In addition to these three major feedback loops, another two negative feedback loops (price 
loops) resulting from price responses also work supplementary to alter the capital (through 
the capital growth and investment loop) available and thereby balancing production capacity 
of the fossil energy sector. Each category of the former three major feedback loops (capital 
efficiency loop; investment loop; and capital growth loop) and the latter two supplementary 
loops (price loops) will be described in Sections 5.5.1 to 5.5.4. 
5.5.1 Capital growth loop 
The only single positive feedback loop, the capital growth loop (Figure 5-10), expresses the 
tendency of production capacity and capital investment to grow exponentially, the more 
capital (generated from revenues) invested in each year, the larger the production capacity; 
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and the larger the production capacity (thereby a higher rate of production), the more 
revenues will be generated. As the more revenue is generated, the larger amount of capital 
will again be invested and eventually, will increase production capacity. If there is no other 
feedback mechanism counteracting these exponential growths, the capital and production 
capacity of fossil energy would have grown as a function of time, and as such, the fossil 
energy resource would be depleted in a much shorter time. However, in practice, there are 
always other negative feedback loops working effectively to counteract the exponential 
growth generated by the positive loop. The negative feedback loop found in the causal 
structure of fossil energy sector of TEEM will be described in the Section 5.5.2 and 5.5.3. 
Figure 5-10 demonstrates the positive feedback mechanism of the capital growth loop 
(represented by heavy lines). 
Figure 5-10 	Capital growth loop 
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5.5.2 Capital efficiency loop 
The capital efficiency loop represents the physical effects of fossil fuel depletion on 
efficiency (productivity) of capital. As shown in Figure 5-11, the fossil energy stock is 
depleted by production. If the rate of production is high, the rate of depletion is also high. 
When the fossil fuels (represented by fossil remaining) reaches near depletion, the 
productivity of capital - the amount of fossil fuel that can be produced by one unit of capital 
- will eventually drop. For a given level of capital, when productivity of capital fulls, 
production capacity also decreases. As fossil fuel production capacity decreases, the rate of 
production will be reduced and will lead to a slower depletion of fossil fuels, completing the 
loop. The heavy lines shown in Figure 5-11 demonstrate the feedback mechanism of the 
capital efficiency loop. 
Figure 5-11 	Capital efficiency loop 
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5.5.3 Investment loop 
Apart from affecting directly the fossil fuel production capacity, the depletion of fossil fuels 
also determines production capacity indirectly through its influence on available funds for 
investment in new fossil energy development projects. The mechanism of determination is 
presented by the investment loop shown in Figure 5-12 (heavy lines) and is discussed as 
follows. 
Figure 5-12 	Investment loop 
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The investment loop first repeats a mechanism of the capital efficiency loop. The mechanism 
begins with the depletion of fossil energy (represented by the fossil energy remaining). As 
fossil fuels near depletion, capital productivity drops, and unit capital cost increases. Given a 
constant domestic fossil energy price (under the governmental regulations), rate of return on 
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investment decreases subsequently. When the rate of return on investment is less than level 
of the company's expectation, incentive to commit available funds to new projects shrinks, 
thereby reducing the fraction of fossil energy revenue allocated to fossil energy investment. 
As the fraction of revenue to be invested falls, the accumulation of capital (e.g. oil 
production platforms, refinery units, equipment) also decreases (given a certain rate of 
depreciation), and eventually fossil energy production capacity drops. As the production 
capacity is reduced, the rate of production will drop, finally less depletion of fossil fuels is 
made, and again, completing the loop. 
5.5.4 Price loops 
A key factor dominating production capacity of both the investment and capital growth loop 
is the capital accumulated by regular annual investment. This depends upon two factors 65  a 
revenue flow that provides the main source of capital funds, and the average return on 
investment, providing the incentive for fossil energy companies to increase the investment in 
fossil energy production. 
Under free market conditions, these two factors are significantly affected by the prices of 
fossil energy. For example, a shortage of domestic production capacity requires companies 
to raise their profit margins by raising prices. Given a constant production and cost, an 
increase in the marginal profit will raise both revenue and rate of return on investment, both 
of which will generate higher capital for investments in fossil energy production facilities 
(physical capital), and eventually raise the fossil energy production capacity. Because of the 
significant role of price, in TEEM, the price response is accounted for as part of two negative 
feedback loops (operating through revenues and return on investment) that work to balance 
fossil energy supply and demand by adjusting new fossil energy investment as shown in 
Figure 5-13 A and B. 
The causal structure of fossil energy sector described above is then translated into flow 
diagrams to give more detail of quantitative assumptions (Figure 5-14). Major equations 
represented the variables in this flow diagram are described and discussed in Section 5.6. 
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Figure 5-13 	Price loops 
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Figure 5-14 	Fossil energy sector's flow diagram 
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5.6 Description of equations 
The assumptions made in the fossil energy sector are discussed in this section, starting from 
equations of the three major feedback loops (capital growth loop, capital efficiency loop and 
investment loop). Following that the price loops and the supplementary equations of the 
model (equations that are not included in any loop of the model) are discussed. 
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5 .6.1 Capital! efficiency loop 
Fossil energy (FE) production capacity 
Fossil energy production capacity is the theoretical amount of fossil energy that is produced 
each year from all production sites (lignite mine, oil and gas production platforms) in the 
country. This theoretical amount of fossil energy generally varies depending on a number of 
factors such as domestic FE recoverable reserve, technologically available and capital in 
place. In TEEM, it is assumed that the FE production capacity varies with existing FE 
recoverable reserves and cumulative investment (accumulation of physical capital e.g. 
platform and equipment) in fossil energy production. If the fossil energy reserve and capital 
to be invested are large, the production capacity will accordingly be large. Based on this 
assumption and for simplicity, the FE production capacity in TEEM is calculated from the 
product of fossil energy capital and fossil energy capacity to capital ratio (physical 
productivity of fossil energy capital). Both of them are influenced by a number of factors 
described in the following equations. 
Fossil energy capacity to capital ratio 
FE capacity-to-capital ratio reflects the capital cost of obtaining fossil energy, and is 
measured in ktoe per year per million bahts of capital. It is assumed that when fossil energy 
nears depletion, the capacity to capital ratio will decrease, whilst the cost of obtaining fossil 
energy increases. This means less fossil energy will be obtained from the same amount of 
accumulated FE capital. 
In TEEM, FE capacity-to-capital ratio is calculated from "normal" FE capacity to capital 
ratio (FE capacity to capital ratio in 1970) multiplied by FE capital efficiency multiplier. To 
set FE capacity to capital ratio as a product of "normal" FE capacity to capital ratio and FE 
capital efficiency multiplier indicates that, in any given year, if FE capital efficiency 
multiplier changes, the normal value of FE capacity to capital ratio, will be altered to give a 
new value of capacity to capital ratio of that year. Here, the value for the "normal" FE 
capacity to capital ratio is specified as constant at 1.8 ktoe per million baht-year (detailed in 
Appendix 3), 
The FE capital efficiency multiplier modifies FE capacity-to-capital ratio and reflects the 
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influence of resource depletion on fossil energy production. It was set to vary with the 
fraction of fossil energy remaining - an indicator of resource depletion in TEEM's fossil 
energy sector. 
In the absence of data for estimating the FE capacity efficiency multiplier and fraction of FE 
remaining, a graphical function showing the magnitude of variations, which was produced 
and first used by Naill65 , is used in this study (Figure 5-15). 
Figure 5-15 shows graphically the empirical relationship between FE capital efficiency 
multiplier and FE fraction remaining. In the figure, the value for the capital efficiency 
multiplier is set to vary between zero and 1.0. At the level that no FE reserves have been 
exploited (fraction FE remaining equals 1.0), the value for capital efficiency multiplier is 
equal to 1.0. When the FE reserves decreases (fraction FE remaining departs from 1.0 
towards zero), the value for capital efficiency will drop, however, only if the value of 
fraction FE remaining is lower than 0.6 (fossil energy is 60 % less than its original level). 
This implies that, in TEEM, technological improvement is incorporated into the equation of 
capital efficiency. When fossil energy is more than 60 % of its initial level (FE fraction 
remaining is in the region of 0.6-1.0), the impact of resource depletion on capital efficiency 
is assumed to be offset by the technological improvements. Thus, the capital efficiency 
multiplier is constant at 1.0, for such a region of fraction FE remaining (all fractions greater 
than 0.6). 
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Fossil energy fraction remaining 
Assuming there is a limit on recoverable fossil energy, it will approach depletion eventually. 
Depletion in TEEM is indicated by the fossil energy fraction remaining and is calculated 
from fossil energy reserves at any point of time divided by its initial reserves (fossil energy 
reserves in 1970). The value of fossil energy fraction remaining in 1970 was set at 1. 
Fossil energy ultimately recoverable reserves 
The fossil energy "ultimately" recoverable reserve is the amount of fossil energy which is 
eventually able to be extracted in the country. In TEEM, the amount of FE reserves that may 
ultimately recoverable in any given year is calculated from that of the previous year less the 
production in that year. To calculate the FE ultimately recoverable reserve from above 
mentioned equation, the initial value for the FE reserve (the reserve in 1970) needs to be 
estimated. In the absence of any data on 1970 FE reserves, TEEM has estimated the 1970 FE 
reserve based on the proven reserves, probable and possible reserves of fossil energy 
estimated in 1995. The estimate was made from the equation shown below: 
FE ultimately recoverable reserves 1970 = proven reserves (1995) + probable reserves 
(1995) + possible reserves (1995) + past cumulative production (1970-95) 
The result from the calculation is presented in Table 5-2. 
Table 5-2 	Ultimately recoverable reserve of fossil energy 	(unit: ktoe) 
Type of fossil energy Oil Condensate Gas Lignite Total FE 
Proven reserves 17,597 20,720 174,934 577,488 790,739 
Probable reserves 8,409 23,732 212,162 0 244,303 
Possible reserves 19,293 13,589 272,626 0 305,508 
1995 ultimately- 45,299 58,041 659,722 577,488 1,340,550 
recoverable reserves 
1970-95 cumulative 12,812 11,773 73,799 35,223 133,606 
production 
1970 ultimately 58,111 69,814 733,520 612,711 1,474,155 
recoverable reserves 
Note : Oil shale is excluded from this study. 
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Fossil energy production 
Fossil energy production is the annual production of domestic fossil energy. Theoretically, 
FE production may equal the FE production capacity. However, there is usually a 
circumstance that makes changes, such as a sudden outage of recovery machinery or a 
sudden drop of demand. In practice, the FE production may often be less than that can 
actually be produced from full use of production capacity. 
In TEEM, FE production is calculated from the FE production capacity multiplied by the 
capacity's annual utilisation factor. While the FE production capacity has been described 
earlier, the annual utilisation factor is a variable reflecting the fraction of the production 
capacity that is actually translated into FE production in each year. The values for the annual 
utilisation factor are set as follows: 
. For the simulation from 1970-1982 
In the absence of data on fractional utilisation of FE production capacity and due to the fact 
that before 1983 there was little commercial output of fossil energy, 
the FE annual utilisation factor is set at 0.5 in order to fit with historical data on fossil energy 
production. 
o For the simulation from 1983 onward 
From 1983 onward, the FE annual utilisation factor is assumed to vary with the country's 
demand for fossil energy represented by the country's FE demand-capacity ratio (the ratio 
of demand for fossil energy to FE production capacity). At the point that the demand-
capacity ratio is close to zero (demand for fossil energy is far less than the production 
capacity), the annual utilisation factor is close to zero, meaning that a large part of 
production capacity was not being utilised. By contrast at the level that the value of demand-
capacity ratio is close to 1.0 (demand almost equals capacity), the annual utilisation factor 
will increase and approach its highest level, meaning most of production capacity was 
utilised. The empirical relationship between the annual utilisation factor and the demand-
capacity ratio used in TEEM is based on that used in the Coa12 model as shown in 
Figure 5-16 65 
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Figure 5-16 presents the annual utilisation factor as a function of FE demand-capacity ratio. 
From the figure, the annual utilisation factor varies between 0.0 and 0.9 as FE demand-
capacity ratio moving from zero toward 1.0. The maximum annual utilisation factor is set at 
0.9 based on the fact that the total production capacity can not be translated completely into 
production rate as 100 % efficiency is not possible. 
5.6.2 Capital growth loop 
Fossil energy capital stock 
Total fossil energy capital stock (measured in 1970 million bahts) is the accumulation of all 
past investment in the fossil energy industry, reduced by all past depreciation of such capital 
stock. It refers to all manufactured goods used in the production of fossil energy resources, 
such as oil production platforms and refinery facilities, and thus is not affected by currency 
fluctuations though is measured in monetary units, In TEEM, the stock of fossil energy 
capital in any year depends upon the amount of the fossil energy capital in the previous year, 
plus annual investment, and less annual depreciation. 
To simulate the fossil energy capital stock, first of all, the initial value (the total amount of 
capital accumulated and depreciation from the past until 1970) of fossil energy capital needs 
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to be specified. In absence of data on capital investment in fossil energy exploration and 
production before 1970, and data on capital stock of fossil energy in 1970, TEEM is forced 
to estimate crudely the initial value of fossil energy capital from the data available and based 
on the assumption that the FE capital in 1970 should equal the FE capital accumulated prior 
to 1970 less that was depreciated during the same period. With such estimation, the 1970 
fossil energy capital stock in TEEM is obtained as 74.6 million bahts (detailed in Appendix 
4). 
Estimating the initial value of fossil energy capital from data already estimated makes 
TEEM's fossil energy sector's economic parameters subject to some error. However, it 
should be noted here that this error has a little influence on TEEM's fossil energy sector 
behaviour (this has been verified by varying the initial values and comparing the resulting 
simulation runs). In future, obtaining and using more precise values will allow this error to 
be reduced or eliminated. 
Two factors affect the stock of fossil energy capital as mentioned earlier. They are 
Fossil energy capital depreciation. 
The contribution of each machine or equipment such as oil production platforms, pipelines, 
etc. to the production capacity of fossil energy tends to decline after acquisition. This is 
known as capital depreciation. After depreciation, the FE capital will no longer contribute to 
the stock of fossil energy capital. In TEEM, fossil energy capital (machines, equipment, 
etc.) are assumed to depreciate evenly over a certain period of time. Capital depreciation is 
calculated from the current amount of fossil energy capital divided by the average life time 
of the capital stock, set at 20 years. 
Fossil energy capital investment 
Fossil energy capital investment is the amount of capital invested each year in the fossil 
energy development industry. In general, the amount of capital invested in fossil energy 
industry indicates the ability of fossil energy sector to finance the investment in fossil energy 
projects, and this ability depends on two factors: revenue flows that provide the main 
source of capital funds and an average return on investment, which provides the incentive to 
commit available funds to new projects. In TEEM, the values for FE capital investment were 
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specified based on historical data (for the simulation period 1970-84) and derived from fossil 
energy revenue multiplied by fraction of FE revenue reinvested in fossil energy sector (for 
the simulation beyond 1984) described in Section 5.6.3. 
Similar to any other investment projects, there is always a time lag before the investment in 
new fossil energy projects can be translated into the useful fossil energy capital and 
contribute to the fossil production capacity. In TEEM this time lag is specified at 8 years and 
is assumed to be the time that is required for the preparation and construction of a project. 
Fossil energy revenue 
The fossil energy revenue which energy companies receive is equal to fossil energy 
selling prices multiplied by fossil energy production. The annual production varies 
depending on annual utilisation factor and fossil energy production capacity, described 
earlier. The energy price changes with level of demand fossil energy and FE production 
capacity. In TEEM, the fossil energy price is also assumed to be subject to the country price 
regulation schemes (described in later sub-sections). 
5.6.3 Investment loop 
Fraction offossil energy revenue reinvested 
For a given revenue, the fraction of fossil energy revenue reinvested determines the amount 
of capital to be invested in fossil energy development activities. Many factors are cited to 
have influences on the decision to allocate fossil energy revenue. They are, for example 69 , 
. low fossil energy prices or high costs leading to unattractive site of exploration and 
development; 
political and other risks in host countries, such as, unstable political situation, or 
likely warfare; 
inadequate regulatory structure, e.g. taxing structure; 
. insufficient infrastructure or insufficient geological information; 
o lack of sufficient fossil energy demand while economically unsound for transporting 
else where. 
132 
Chapter 5 :Fossil Energy 
To include all of the above factors as determinants of the fraction of fossil energy revenue 
reinvested in a simulation model like TEEM is far too complicated and virtually impossible, 
since some factors are neither quantifiable, nor obtainable in terms of their data, particularly 
those concerning political risks. In TEEM's fossil energy sector, only the fossil energy price 
will be treated as a determinant influencing the fraction of revenue reinvested, while other 
factors, such as the demand for fossil energy, are simulated separately in the energy demand 
and electricity sector. 
Many studies have confirmed the coincidence of energy price and level of capital investment 
in oil and gas projects: both high and low oil prices have consequent effects on the level of 
capital invested in the oil and gas industries 69 . While the high oil price has accelerated the 
investments as witnessed during the oil crises, the collapse of the world oil price over the 
past 10 years has dampened the amount of capital the oil and gas companies have been 
prepared to invest in oil and gas industries. Thailand is no exception: foreign investment in 
the petroleum industry in Thailand 71  reflected the movement of world oil price 37  as shown in 
Figure 5-17. 

















1970 	1974 	1978 	1982 	1986 	1990 
j FIJI 	 crude oil price 
133 
Chapter 5 :Fossil Energy 
As energy price determines, in part, the rate of return on investment in fossil energy projects, 
and the companies decide their capital spending on the basis of the size of return on 
investment obtaining, the fraction of fossil energy revenue reinvested in TEEM is assumed 
to vary with rate of return on investment rather than with change in fossil energy price. 
However, energy price will be set as a factor influencing the rate of return on investment 
which is explained later in the equation of energy price. Based on this assumption, if the rate 
of return on investment in the oil and gas industry is high, a greater fraction of revenue will 
be committed to new oil and gas projects. On the other hand, if the rate of return is low, a 
lower percentage of revenue will be invested in oil and gas industry. 
The variations of the fraction of FE revenue reinvested with rate of return on investment in 
fossil energy industry, employed in TEEM, is based on that used in Coal 2 model as shown 
65 in Figure 5-18 
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Fossil energy average return on investment: FE average ROl 
Often, individuals and organisations make decisions on the basis of information that has 
been averaged 74 . The decision to commit the funds for investment in fossil energy industry is 
assumed to be no exception, and therefore it is likely to be taken on the basis of the value of 
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rate of return on investment that has been averaged over a certain period of time (here it is 
assumed to average over 5 years). 
In TEEM, the rate of return on investment is directly derived from the proportional value of 
fossil energy capital profit to the fossil energy capital. The fossil energy profit is obtained 
from the difference value between fossil energy unit price and fossil energy unit capital cost 
multiplied by the annual production rate as shown in the following equation. 
FE ROl = ((FE unit price - FE unit capital cost) * FE production rate)/FE capital 
5.6.4 Price loops 
Fossil energy unit price 
Fossil energy unit price is the price that fossil energy companies actually earn from selling a 
unit (ktoe) of fossil energy. Under free market conditions the unit price of fossil energy is 
usually equal to that of the unregulated price (price that the companies are willing to accept, 
taking into account unit cost and unit profit margin). 
However, because imported energy comprises a major proportion of the energy used in the 
country, the price of domestic fossil energy is dominated by the price of imported energy. 
Further, because the Thai government has some control over domestic energy price setting, 
in practice, the domestic energy price is regulated and not allowed to rise above the average 
imported price. 
In TEEM, the FE unit price is derived from FE unregulated price but is not likely to rise 
above the imported price of fossil energy. While the imported price of fossil energy is 
simulated exogenously as a function of time, based on historical data  (Figure 5-19) at an 
assumed growth rate of 1 % per year after 1995, the FE unregulated price is the price the 
companies expect to obtain from selling one unit of fossil energy. This is normally calculated 
from the fossil energy unit cost (all costs incurred during the production process) plus the 
amount of marginal profit the companies wish to obtain from a unit of production. 
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Due to the wide ranges of economic factors affecting costs, such as taxation at every stage, at 
this point it is impossible to obtain precise costs of fossil energy production. In TEEM, the 
fossil unregulated price is calculated from the product of fossil energy unit capital cost and 
fossil unregulated price ratio, both of which are explained as follows. 
Fossil energy unregulated price multiplier 
Under free market conditions, a shortage of domestic production capacity requires 
companies to raise their profit margins through the selling price. The unregulated price 
multiplier is accordingly assumed to vary with the ratio of total demand for fossil energy to 
fossil energy production capacity (FE demand/FE production capacity), where the variation 
of this relationship was first studied and used by Naill 65 as shown in Figure 5-20. 
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Fossil energy unit capital cost 
Fossil energy unit capital cost is the capital cost (platforms, machine, drilling equipment, and 
so on) incurred in the production of a unit of fossil energy. Practically, FE unit capital cost 
varies with a number of factors occurring during the production processes such as, locations 
or sites of production, depth of well, and the amount of production per-well. In TEEM, the 
FE unit capital cost is simply derived from the FE capacity to capital ratio (which indicates 
physical productivity of capital at any single year) multiplied by "FE capital annualisation 
factor" (in order to get the cost of physical capital that is calculated over the capital life time) 
estimated at 0.175 and first used in Coal 2 model. The equation for calculating FE unit 
capital cost is shown below. 
FE unit capital cost = FE capital annualisation factor *(1/FE  capacity to capital ratio) 
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5.7 Fossil energy sector simulation riulilhis 
In order to examine the behaviour of the fossil energy sector in isolation from other sectors, 
the simulation was run using historical data (for historical runs) and with exogenous 
projection (for projected runs) of fossil energy demand. 
5.7.1 Historical runs 
To examine the model's ability to reproduce historical characteristics, the fossil energy 
sector was run from 1970-1995, based on historical data of gross fossil energy demand. The 
results produced from this simulation are shown in Figure 5-21 A, B and C and described as 
follows. 
Fossil energy production rose consistently from almost zero in 1970 to 16 M toe in 1995, 
representing an average increase of 25 % annually, similar to that of the actual production 
rate. However, even this rate of rise was unable to meet an even more rapidly-increasing 
demand for fossil energy, as can be seen in both Figure 5-21 A and B, when most of the 
demand (in the region of 63 % - 99 % over the same period) was met by imports. 
The historical runs of fossil energy sector also indicates that during the period of 1970-1995, 
fossil energy selling price (price index of local produced fossil energy that companies 
actually obtain) was higher than unregulated price (price of local produced fossil energy 
companies expect to obtain). Although the level of investment in fossil energy production 
fluctuated somewhat, it shows a trend towards increasing level. Figure 5-21 C shows that 
capital investment in local fossil energy production increased from 0.06 billion bahts per 
year in 1970 to 4.4 billion bahts in 1995, seventy times over the 1970 level. 
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Figure 5-21 	Fossil energy sector (historical runs) 
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5.7.2 Projection runs 
Projection runs were done based on the assumption that gross energy demand would 
continue to grow at its historical growth rate of 9 % per year and that the price of energy 
import would increase 1 % per year to 2050. Again the results obtained from these runs 
(Figures 5-22 A, B and C) are accordingly purely hypothetical and should be viewed as 
benchmarks. The values of the projection, however, provide quantitative data to be compared 
with TEEM (as a whole model)'s projection runs in Chapter 8. 
The projection runs of the fossil energy sector shown in Figure 5-22 A and B indicate that if 
fossil energy demand follows its long-term historical growth rate at 9 % per year, production 
of local fossil energy would increase significantly from 16 M toe in 1995 to 27 M toe in 
2000 and peak at 71 M toe in 2009. After passing through a peak value, it would fall to 11 
M toe in 2030 and only 2 M toe per year in 2050. The same Figures also show that because 
of the decline in production (after approaching a peak value in 2009), fossil energy imports 
would rise rapidly after 2012 to meet the continued rising demand. 
140 

















Chapter 5 :Fossil Energy 
The future trend of fossil energy production in this run is also likely to be driven by levels of 
fossil energy investment. Figure 5-22 C illustrates that capital investment in fossil energy 
production would increase from 4.4 billion bahts in 1995 to 28 billion bahts in 2011 (2 years 
after fossil energy production approaching a peak value) and would maintain in the region of 
18-26 billion bahts per year during the period of 2011-2020. After 2020, if the price of 
fossil energy (the actual price companies obtained from selling their produced fossil energy) 
falls below the unregulated price (the price at the level that the companies are willing to 
obtain), less incentive would be obtained from producing fossil energy. As such, the capital 
investment in fossil energy would decrease significantly, leading to a rapid decline in fossil 
energy production. 
Figure 5-22 	Fossil energy sector (projection runs) 
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5.8 Chapter summary 
For the fossil energy sector, the following results were obtained. 
In historical runs, the fossil energy sector generates behaviour that are consistent with 
Thailand's past experience with fossil energy. If the fossil energy demand follows its 
historical growth rate, the production of local fossil energy would continue to increase 
significantly. However, due to resource limits and a decrease in investment, this increase is 
likely to fall after approaching a peak value in 2009, leading to a rapid increase in fossil 
energy imports. 
Projection runs were based on a historical growth rate of fossil energy demand. Although 
these are unlikely to be maintained because the projection is based on accurate interaction of 
variables in the fossil energy sector, the value of the projection is that it can provide 
quantitative data on which planning decisions can be made and policies formed or 
influenced. 
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6.1 Introduction 
The balance of a country's production output, including industrial; service and agricultural 
outputs, to some extent, dictates the pattern and amount of the country's energy 
consumption. Moreover, it is arguable that the availability of these outputs for each Thai 
citizen influences his or her education, health, family size, and lifestyle. Each of these 
determines partly the growth of population, and in turn, influences future energy 
consumption, and the mix of goods, services, and investments. In order to evaluate future 
demand for energy, and to investigate the capability of energy supply, trends in production 
output need to be investigated. 
This chapter describes and discusses the formulation and simulation of TEEM's production 
sub-model. Section 6.2 presents the purpose of the model. Then the historical behaviour of 
Thailand's e production sector is described in Section 6.3. This provides both background 
information of production in the Thai economy and serves as a record of the trends which the 
production sub-model must duplicate. Section 6.4 discusses the concepts and assumptions 
on which the production sub-model has been based, while the casual structure and 
description of the model are discussed in Section 6.5 and 6.6, respectively. Section 6.7 
makes the comparison between model behaviour and historical data to validate the model. 
Finally, the summary of the chapter has been given in Section 6.8. 
6.2 Simulation purpose 
Energy analysts acknowledge the influential effects of economic factors (such as growth of 
production, consumption and investment) on energy dynamics 75 ' 76. To avoid the over 
complexity, however, most energy models (such as 'coal 2' model 77, World Energy Model 78 
and WIGPLAN 79)  treat these economic factors as exogenous variables and rarely simulate 
them alongside an energy model. TEEM acknowledges economic causes and effects on 
energy dynamics as other previous models do, but includes part of these causal relationships 
in its simulation processes. 
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As mentioned earlier TEEM is intended to be a simple model. Simulation of the production 
sector, in TEEM, is therefore limited to only the specified economic factors that would 
support the projection and exploration of TEEM's energy dynamics. With this limitation, 
only two issues critical to future energy development of the country are addressed during the 
simulation. They are the potential for growth of the industrial sector and the effect of 
accelerated energy investment on the production sector. 
6.3 Historical behaviour 
In line with standard practice, Thailand's national productive activity is measured by 
examining the country's gross domestic product (GDP) - a money valuation of all material 
goods, food and services produced within the country in a year 80 . The analysis of Thailand's 
gross domestic production gives a set of behaviour patterns that can be described as follows. 
6.3.1 Growth of GDP 
Consistent growth in GDP can be seen in the data recorded over the past two decades, with 
that which occurred during the second half of the 1980s and the early 1990s being the most 
dramatic, at about 12% annually (Figure 6-1). Given a relatively slower growth of population 
during these years, GDP per capita increased consistently during this period (same figure). 
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63.2 Composition of GDP 
It has been widely observed that modern economic growth is accompanied by structural 
changes, moving away from an agriculture base to one that is based on industry and 
service81 '82 '83 . Thailand is no exception. In this period, industrial output as a percentage of 
GDP also grew dramatically from a small proportion of about 25 % in 1970 to about 40 % in 
1995. The increase in share of industrial output apparently occurred at the expense of 
agricultural output whose share, in the same period, declined from 50% to 10% (see Figure 
6-2), while the service sector was maintained at about 50% of total output. 
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6.3.3 Export and import led growth 
During the course of rapid economic growth, Thailand also experienced spectacular 
848586 development of foreign trade 	Government policy was firstly to promote exports of 
primary commodities and, later, manufactured goods, leading to a significant increase in the 
country's exports. As the country's exports of manufactured goods increased, so did its 
production sector. 
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Thailand's manufacturing production is known to be import-dependent. Most of the 
technologies, machines, equipment and also raw materials used in the production processes 
were imported from foreign countries. When the production of manufactured goods 
increased, the imports of these machines, equipment (capital goods) as well as intermediate 
products and raw material inevitably rose. Hence, Thailand's industrialisation has, by far, 
been dominated by imports which, in turn, have to be financed by expanded exports. 
Throughout the past ten years of rapid economic growth, the increase in the import of capital 
goods, raw materials and intermediate products has been in line with the increase in exports 
as shown in Figure 6-3. 
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Source of data :Office of the National Economic and Social Development Board 
(1993, 1994)23  for the data during the period of 1980-94; United 
Nations (1982) for the data during the period of 1970-79. 
6.4 Basic Concepts 
To develop a model of the complex economic system, a set of assumptions must be made. 
This section describes the fundamental concepts and assumptions underlying TEEM's 
production sectors. 
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6.4.1 Classification of production sector 
As the prime objective of TEEM's production sub-model is to provide the basic (economic) 
components for the simulation of other sectors, it is necessary to divide the constituents of 
production output into groups of activities that can be incorporated into such simulations. 
Thailand's economic statistics are recorded and categorised according to the International 
Standard Industrial Classification (ISIC) scheme (Appendix 5). Because the parameter 
values of TEEM's production sector are mainly derived from these statistics, in TEEM, the 
production activities are classified, using the same standard, into three major groups of 
activities as follows 
• Agricultural output (ISIC division 1) is designated to include agriculture and the 
associated activities of fishery, forestry, hunting. Agricultural capital such as farm 
machinery, and equipment determines agricultural outputs. 
Industrial output (ISIC divisions 2-5) consists of the materials and goods that are 
produced from manufacturing, mining, and construction. To be able to produce industrial 
output, industrial capital, such as factories, machines, and equipment is needed. In 
TEEM, the capital required to obtain energy is considered as a part of industrial capital. 
• Services outputs consists of all other outputs (mostly are intangible) that are not included 
in the above mentioned divisions. They are such as transport and communication, 
commerce and trade, personal and community services. The service output can be made 
through the investment of service capital such as hotels, theatres, hospitals, and so on. 
In TEEM's production model, while industrial and service production is simulated within the 
model, agricultural production is simulated exogenously as a function of time and out of the 
model due to the following reasons: 
• TEEM is designed to be a simple model. In order to prevent the model from over 
complexity, any factor that does not involve significantly both cause and effect of the 
model is omitted. 
• While industrial output and service output are assumed to be influential determinants of 
population growth and energy consumption, agricultural output, by contrast, is not (the 
agricultural sector produces food that in TEEM is not recognised to be a significant 
factor affecting growth of GDP and population. More detail is available in Chapter 7). 
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6.4.2 Basic flows in TEEM's production sector 
There are at least two flows in an economy: physical flows of goods or products, and 
money flows. As TEEM is a model of physical flows, only flows of goods and products are 
simulated here. For example, import and export of goods which are physical entities flowing 
into and out of the Thai economy are simulated, while direct and indirect foreign investments 
representing flows of money are all omitted. Figure 6-4 depicts how goods and services flow 
physically in TEEM's production system. 
There are three capital stocks*  established in TEEM's production system shown in Figure 
6-4 : Industrial capital, service capital, and agricultural capital (not to be simulated). All of 
which generate output for final consumption and exports. While industrial capital (such as 
factories, machines and equipment) generates industrial output including all kinds of 
manufactured products, service capital (such as buildings for offices, hospital or related 
equipment) produces service output, such as health services or communication services, 
agricultural capital produces foods and other agricultural products. 
Because some industrial products are produced in the form of capital goods (such as steel, 
machines or parts of machines) that are able to generate output, apart from being intended 
for consumption and exports, part of industrial output (which is capital goods) is allocated to 
investment and transferred to the country's capital stock in order to allow more output in the 
future. In TEEM, the characteristic (of output) that is able to be reinvested is found only 
with capital goods of industrial output. Service and agricultural output together with 
consumer products (such as leather, can food, or clothes which is also included in industrial 
output), which are to be consumed or exported only at the instant they are produced, do not 
have such ability. Once they are consumed and exported, they will no longer cause any 
further change to the production sub-model's behaviour. 
* In TEEM, capital points to those that are man-made aids to production. It includes all tools, plants 
and equipment, stocks of work in progress, industrial and commercial buildings and the 
"infrastructure" of roads, docks, and so on. With this meaning, money which is not "a real resource, 
but merely a potential claim of real resources", is therefore excluded from the definition of capital. 
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Figure 6-4 	Basic flows of goods and services in TEEM's production system 
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Source: modified from Meadows (1992) 87 
Thailand is an open economy: imports and exports of goods and services play a crucial role 
in the Thai economic system. According to the national income statistics the imports-exports 
comprise all kinds of goods and services purchased from and sold to outside countries and, 
traditionally, can be divided into capital goods, consumer goods, intermediate products and 
raw material imports and exports. While capital goods, raw material and intermediate 
products are usually imported for use in production activities (industry, service and 
agriculture, and energy production), consumer goods are imported for consumption. Table 
6-1 shows Thai exports and imports. 
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Table 6-1 	Imports and exports of goods and services 
Imports Exports 
Raw material : non food agricultural Raw material: non food agricultural products 
products and crude minerals, etc. and crude minerals, etc. 
Intermediate goods : energy, etc. Intermediate goods : processed minerals, etc. 
Consumer goods Consumer goods including food 
Capital good Capital good 
In TEEM, import and export are incorporated as a material transaction between Thailand's 
production system and foreign countries. While exports represent an outflow bringing 
industrial and service outputs out of the production system (as mentioned earlier), imports 
act as an inflow conveying those imported capital goods into the system for investment. 
6.4.3 Measurement of capital and output 
As a model of physical flows (energy flows) and that which is highly aggregated, it is 
necessary to have a common measure for various forms of the model's capital (such as 
industrial capital or energy capital) and output (industrial or service output). This unit 
measure has to be stable through time (not fluctuating) and should allow comparison with 
financial statistics from which most of TEEM's parameter values and empirical functions are 
estimated. 
A money unit itself is not an appropriate measure for TEEM's output and capital because it 
tends to fluctuate with time. For example, the price of products may fluctuate even though 
their material content remains the same. However, due to the current wide acceptance of a 
money unit as a measure of goods and services, TEEM employs a Thai baht as a measure of 
the capital and output, but making it subject to the following conditions: 
• A baht is a material unit, not a money unit. A baht of capital in TEEM is the average unit 
of capital that could have cost or been purchased for one baht in 1970. As a consequence 
of this definition, the capital and production output in TEEM is related to the capital and 
production output in the national income statistics only in the year 1970. 
• A baht of capital or output is not affected by currency fluctuation and has the same value 
at any point during the simulation time. 
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6.4.4 Production function adopted in TEEM 
Many factors influence the amount of production outputs. These factors include capital, 
labour, land and resources. Economic theories have been used to investigate the factors that 
influence production output. One that is frequently used is the simple Domar-Harrod 
production function which states that production output varies with capital, labour and 
technology 88,89.  By using the Domar-Harrod model the maximum quantity of goods and 
services which is likely to be obtained is calculated as a function of capital, labour and 
technology employed. 
As Thailand has a surplus of labour, unemployment has always existed in the Thai economy, 
though it manifests itself as a local or sectoral shortage of skilled labours 90 . This is generally 
eliminated by replacing the labour shortage with increasing capital stock. Thus it is assumed 
that, throughout the simulation time, labour constraints will not limit the total output that 
can be produced by capital stock of the industrial and service sector. As a consequence, the 
production function simulated in TEEM does not include labour as a production factor 
determining production output. Only capital and technology is recognised as a production 
factor in TEEM. However, because the influence of technology on production output is 
simulated implicitly (described in the capital to output ratio equation), only capital is shown 
in TEEM's production function. 
Excluding the causal mechanism of labour makes TEEM's production model simple, but 
less satisfactory in terms of evaluation of growth potential. Considering TEEM's purpose 
and available data, it may be arguable that it is acceptable at this stage to do so. For future 
studies, if additional influences from labour can be incorporated into this model (with 
available data and empirical evidence), this would enable the model to reflect closely and 
precisely the empirical relations between energy and growth of the economy. 
6.5 Causal Structure 
TEEM is created to simulate the performance of Thailand's energy system taking in to 
account the interrelationships between energy and other activities in the Thai economy. 
'World 3' 81  is a simple model, within which the capital sector simulates dynamic 
interrelations of production activities of the global economy. For convenience, the causal 
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structure of production sub-model of TEEM has been modified from World 3 model's 
capital sector. However some differences are presented between these two models. As World 
3 modelled the global capital stock, there were no imports and exports included. The imports 
and exports, however, are included in TEEM's production sub-model. 
At a micro-economic level, individual firms attempt to maximise profits obtained from 
allocating scarce resources (capital or materials). At a macro-economic level, countries 
would wish to have their output distributed in such a way that their economic performance 
would grow or maintain at least as the preceding level 91.  As TEEM's production sub-model 
involves the allocation of capital and output, part of its causal structure involves the decision 
making for this allocation. For open market economies, countries usually leave the allocation 
decision to be determined by market mechanisms and, to a lesser extent, by political 
processes. The allocation mechanism in TEEM however, is merely specified as fractional 
numbers derived from both the results generated internally from the interactions among 
variables in the sub-model, and from the historical records. The detailed structure of the 
allocation mechanisms such as the assessment of marginal utility of additional units of 
output in each production activities, is not incorporated and simulated in TEEM's production 
sub-model. 
The process of capital allocation used here involves, with one positive feedback loop (loop 
1) working to strengthen growth of industrial sector, increasing industrial capital and output. 
There are also two negative feedback loops (loop2 and 3) encountering this growth by 
diverting capital available for investment to service sector. The principal factors constituting 
these feedback loops are illustrated diagrammatically in Figure 6-5 
Figure 6-5 shows a causal link from industrial capital stock to industrial output. As industrial 
capital increases, the industrial output also rises. With increased industrial output, for a 
specified proportion of industrial output allocated to consumption and export, and a given 
amount of imported capital goods, the capital available for investment (capital formation) 
will increase. As the capital formation increases, the investment in industrial sector may 
soar, raising the industrial capital stock even more. 
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Figure 6-5 	Causal structure of TEEM's production sector 
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From the same figure (Figure 6-5), the determinant of whether and how fast the industrial 
capital grows, is influenced partially by the fraction of capital allocated to industrial 
investment. This fraction vanes inversely with the fraction of capital allocated to service and 
agricultural investment as shown in the following equation: 
fractional capital allocated to industrial investment = I - fractional capital allocated to 
service investment - fractional capital allocated to agricultural investment 
If the fraction of capital allocated to service and agricultural investment increases, the 
fraction allocated to industrial investment will decrease, thereby reducing the industrial 
capital stock and industrial output. 
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The same figure shows the fraction of capital allocated to service investment is influenced by 
demand for service output, where in TEEM this level of demand is expressed by indicated 
service output per capita varying as a function of industrial output per capita (described in 
the section on description of equations). With such variation, two negative feedback loops 
(Loops 2 and 3) are formed as shown in the same figure. 
The first negative loop (Loop 2 in Figure 6-5) starts with the amount of industrial output 
made from industrial capital stock. As industrial output increases, industrial output per capita 
also rises. With rising industrial output per capita (increasing industrialisation), the demand 
for service output by each Thai citizen (indicated service output per capita) will increase, 
leading to a rising demand for total service output. As the country's demand for service 
output increases, the fraction of capital allocated to service production will be raised. 
According to the equation mentioned above, while the fraction of capital allocated to the 
service sector is being raised, for a given capital allocated to agricultural production, the 
fraction of capital allocated to industrial investment will decrease. 
The increase in the fraction of capital allocated to service production raises service capital 
stock, thereby increasing service output (see Loop 3 in Figure 6-5). For a given population, 
when service output rises, so does the service output per capita. As more service output is 
available for each Thai citizen, the gap between service output per capita and indicated 
service output per capita is filled (close to 1.0), leading to a reduced demand for investment 
in services, and therefore, reducing the fraction of capital allocated to service investment. As 
the fraction of capital allocated to service investment decreases, the fraction of capital 
allocated to industrial production is again increased, entering a new cycle of the causal 
relation. 
The causal structure of production sector described above is then translated into flow 
diagrams to give more detail of quantitative assumptions (Figure 6-6). Major equations 
representing the variables in this flow diagram are described and discussed in the next 
section (Section 6.6). 
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Figure 6-6 	The production sector's flow diagram 
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6.6 Description of equations 
6.6.1 Industrial sector 
Industrial output per capita 
Industrial output per capita is derived from industrial output in any given year divided by 
the population in the same year. This variable, measured in bahts per person per annum, 
indicates the amount of goods possibly available for Thai citizens to consume, export and 
invest. Experience has shown that this variable increases as countries become more 
industrialised. Therefore, in TEEM, the industrial output per capita is used to indicate the 
level of Thailand's industrialisation. 
Industrial output 
Industrial output includes all kinds of material goods, for example, toys, clothes, machines, 
produced from the industrial sector. In TEEM, the amount of industrial output in each year 
varies with industrial capital-to-output ratio and the level of industrial capital stock in that 
year. While the industrial capital stock depends upon new industrial investment and 
depreciation rates, the industrial capital-to-output ratio is specified as a constant which is 
described later in this section. 
Due to a significant expansion of the Thai economy, TEEM assumes that in Thailand, the 
industrial capital stock is always fully utilised. Accordingly, the industrial capital utilisation 
factor (the factor reflecting how well the capital stock is utilised) does not have any influence 
on industrial output and the industrial output is directly calculated, in TEEM, from the 
industrial capital stock divided by the industrial capital-to-output ratio. However, due to the 
recent economic crisis, part of the country's industrial capital has been left unproductive. For 
future study, the industrial capital utilisation factor may be incorporated into the industrial 
output equation to obtain higher accuracy. 
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Industrial capital-to-output ratio 
Industrial capital-to-output ratio indicates the number of units of industrial capital that 
contribute to the production of one unit of industrial output. It therefore influences directly 
the amount of industrial output eventually produced from the stock of industrial capital. In 
TEEM, the value of industrial capital-to-output ratio is specified at 2.2 and is assumed to be 
constant throughout the simulation. To set industrial capital-to-output ratio as a constant is 
based on the assumptions first given and applied by William and Milling 81  as follows: 
. Records of economic performances show that most countries' economies have entered 
the period of capital intensive (capital deepening), where the process of accumulating 
capital goods faster than that of employing labour (Samuelson 1970 cited in 81 ). With the 
capital deepening, the amount of capital per capita increases, and therefore the marginal 
productivity of capital decreases (producing a rising capital-to-output ratio). 
According to the law of diminishing returns, at a certain level of investment, less 
additional output would be proportionately obtainable from a given extra unit of capital 
invested, as can be seen in curve A of Figure 6-7. 
• In the situation where the economy is in a period of capital deepening (with rising 
capital-to-output ratio) and diminishing returns, the capital-to-output ratio eventually 
rises. 
• However, due to improvements in production efficiency (resulting from technological 
advances), the diminishing returns on investment over the last decades has been 
significantly offset by the advancement of technologies as shown in curve B of the same 
figure. In Figure 6-7, due to the progress of production techniques, the gap between 
curve A and B was eliminated, and evidence of consistent increase in total production 
output is still seen in many countries world-wide (curve B). 
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Thailand's industrialisation is known to be capital intensive. Figure 6-8 showing the 
relationship between cumulative capital and annual gross domestic output reveals a steady 
rise of production output as cumulative capital (estimated) increasing (equivalent to curve B 
of Figure 6-7). It may be argued that Thailand is likely to have a rather constant average 
capital-to-output ratio, similar to most countries in East Asian region from which part of 
Thailand's investment capital was transferred. As in this stage, it is not possible to obtain 
data for calculating the exact value for Thailand's capital-to-output ratio (both for industry 
and service), and because Thailand has in practice relied heavily on the capital (both capital 
technologies) imported from the East Asian region 71,  the value for 	s capital-to-output 
ratio (both industrial capital and service capital-to-output ratio) is derived from the average 
capital-to-output ratio of the countries in this region 92  and set as a constant at 2.2 throughout 
the simulation time. 
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Source of data :Office of the National Economic and Social Development Board 
(1993, 1994)23  for the data during the period of 1980-94; United 
Nations (1982) for the data during the period of 1970-79. 
Industrial capital stock 
Industrial capital stock is the accumulation of capital for industrial production in the country. 
The industrial capital stock includes factories, machines and equipment that are able to 
produce manufactured products. In TEEM industrial capital stock in any year derives from 
the amount of capital accumulated by the previous year plus and minus, respectively, the 
amount of industrial capital formed and depreciated in that year. 
To simulate industrial capital stock, first its initial value (value in 1970) has to be specified. 
Because no previous estimate of Thailand's 1970 industrial capital stock (the amount of 
capital accumulated until 1970) was available, TEEM was forced to estimate crudely this 
value by dividing the value of industrial output in 1970 by the estimated industrial capital-to-
output ratio (described in the previous equation). The result of the estimate shows that in 
1970, the industrial capital stock was about 79,800 million (1970) bahts. 
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Industrial capital depreciation 
Industrial capital depreciates at all times after establishment. It is assumed that this 
depreciation is distributed evenly with the average lifetime of capital. Therefore the amount 
of capital depreciated each year is calculated from the current capital stock divided by the 
average industrial capital lifetime cited previously in the region of 14-30 years 	As 
Thailand is in the process of industrialisation (and its capital is rather scarce), it is assumed 
that most capital in the country will be utilised over all its lifetime plus 5-10 years. In TEEM, 
the industrial capital lifetime is specified at 35 years. 
Industrial capital formation 
As mentioned earlier the amount of cumulative industrial capital in any given year depends 
on the capital in the previous year, plus investment and less depreciation. If capital 
depreciates faster than investment, the stock of industrial capital will decline. In order to 
avoid the recession of industrial capital stock, new capital must be topped up by the current 
capital stock at the rate that faster than the depreciation. 
Industrial capital formation is new capital invested in industry. It includes new factories, 
machines and equipment that are constructed and established each year for producing 
manufactured products. 
Because Thailand's economic data is collected and presented only by major groups of 
production activities: industry; service and agriculture, the capital allocated to energy 
investment is normally included in the industrial capital. To estimate the industrial capital 
that involves only with the production of finished industrial output (capital and consumer 
goods, excluding energy), the industrial capital must be reduced by energy capital. The 
industrial capital formation is therefore calculated from the capital allocated to industrial 
investment less capital allocated to obtaining energy. Moreover, because it takes some time 
for the industrial capital to be able to produce industrial output, in the absence of previous 
data, a time delay of two years has been assumed before the industrial capital can produce 
industrial output. 
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Capital allocated to industrial investment 
Capital allocated to industrial investment includes factories machines and equipment used 
for producing manufactured products and energy. In TEEM, the capital allocated to 
industrial investment is assumed to be the capital that is not allocated to the agricultural or 
service sector and is derived from total available capital multiplied by fraction capital 
allocated to industrial sector. The equation of fractional capital allocated to industrial 
investment is shown below: 
fractional capital allocated to industrial investment = 1- fractional capital allocated to 
service investment - fractional capital allocated to agricultural investment 
Fraction of capital allocated to agricultural investment 
Growth of Thailand's agricultural output was significant during the 1960s and 1970s. 
Because traditional agricultural methods were widely used during that period, much of this 
growth came from expansion of cultivated area which grew from 10 million hectares in 1960 
to 19.04 million hectares in 1980, an average increase of 3.2 % per annum. Meanwhile, the 
investment of the Thai government in roads and irrigation projects during that period was 
thought to have made some contribution to this growth 95 . In recent years, although Thai 
agriculture is more modernised, it is still less capital intensive compared to the rest of Asian 
countries. Siamwalla95 has estimated total size of both public and private investment in 
agricultural production by looking at the cost of production for crops. He found that this 
number was less than 10% of total investment of the country. Given Thailand's recent policy 
emphasising industrialisation, future growth of the agricultural sector is not likely to be 
foreseeable. 
Because it is impossible to obtain the precise magnitude of Thailand's agricultural 
investment, and given the fact that the country is likely to pay less attention to the 
agricultural sector, it is assumed that the fraction of capital allocated to the agricultural sector 
will be kept unchanged from the past and present level. In TEEM's all simulation runs, the 
fraction of capital allocated to agricultural investment was assumed to be a constant of 0.10. 
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Imported capital 
Investment in Thailand for the past few years is acknowledged to have been capital 
intensive, and a part of physical capital such as machines and equipment need to be imported 
in order to meet demand for capital of all production activities (industry, service and 
agriculture). It should be noted here that, by definition, there is distinction between imported 
capital and foreign capital inflows (or foreign direct or indirect capital investment). While 
the former represents material transactions between Thailand and foreign countries, the latter 
represents the money transaction. 
In TEEM, the imported capital is treated as the residual of the country's desired capital 
formation and the capital available from domestic industrial output. In practice, this may be 
arguable since the imports of capital can be permitted only if borrowers (here is Thailand as 
a whole) could themselves secure credit facilities abroad 96, or based on some political 
reasons. However, this issue is omitted for simplicity and because TEEM's focus is not 
economic analysis. The imported capital, in TEEM, is simply calculated from the country's 
desired capital less industrial output allocated to investment. 
Desired capital 
Desired capital is the amount of new investment the country expects to have in order to keep 
pace with the desired growth rate of national output. If the desired growth rate of national 
output is high, desired investment must also be large. In reality, to have the actual capital 
formation (or to have new investment) to meet one that is desired, is much dependent upon 
many different local and international factors, such as, interest rates, ability to afford debt 
service incurred from imports, the opportunity of products to penetrate both local and 
international markets. Since TEEM focuses on energy performance rather than the 
performance of the Thai economy, the study of those factors will be left for other scholars 
with an interest in the performance of the economy. In TEEM, desired capital is calculated 
exogenously as a function of time based on historical statistics, current economic situation 
and assumptions that the desired capital formation beyond 1995 will increase with a reduced 
rate corresponding to capital growth rates of more industrialised economies 97.  Table 6-2 
reveals the fractional rates of increase in capital formation used in TEEM' simulation. 
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Table 6-2 	Fractional increase in desired capital 
Period fractional increase in desired capital 
1970-1985 0.06 
1986-1990 0.20 (hyper growth period) 
1991-1996 0.06 
1997-2000 0.025 (current recession) 98 
2001 onward 0 .0598 
Industrial output allocated to investment 
Industrial output allocated to investment is a part of industrial output that comprises capital 
goods that are produced domestically. These are goods such as machines, equipment, and 
other construction materials, all of which are not to be exported to other countries, nor to be 
consumed or discarded within a year after production. For a given industrial output, the more 
that the industrial output is consumed and exported, the less there will be for investment of 
the country. 
In TEEM, industrial output allocated to investment equals industrial output multiplied by 
fractional industrial output allocated to investment (which equals 1.0 minus fractional 
industrial output allocated to consumption and exports). 
Fraction of industrial output allocated to consumption 
The fraction of industrial output that is allocated to consumption includes all goods produced 
from the industrial sector that have a lifetime of one year or less and are neither invested nor 
exported. It is therefore analogous to a part of consumer goods defined by the United 
Nations System of National Accounts (SNA), where in SNA the consumer goods include 
those that produced for consumption such as clothes, paper and toys (more detailed is 
available from the SNA handbook) 99 . 
Countries with different political and cultural patterns have a different national fractions of 
industrial output allocated to consumption. The fraction of industrial output allocated to 
consumption is even more diverse when the countries have far different patterns of income 
distribution and levels of industrialisation. The relationship between fraction of industrial 
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output allocated to consumption and industrial output per capita of more than 80 countries 97 
is demonstrated graphically in Figure 6-9. 
Figure 6-9 	The fraction of industrial output allocated to consumption versus 
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Note Line A is the mean value (0.3) of the fraction of industrial output allocated to 
consumption for the countries which their levels of industrial output per capital> 
10,000 bahts. Line B is that of the countries whose industrial output per capita are 
less than 10,000 bahts. 
Little evidence can be drawn from Figure 6-9 which shows a wide variation of the 
fraction of industrial output allocated to consumption among the countries. The relationship 
between the two variables is not clear enough to confirm types of relation. However it does 
illustrate that the nations with a higher level of industrialisation (industrial output per capita 
more than 10,000 bahts) tend to allocate a smaller fraction of industrial output to 
consumption, while those with lower level of industrialisation (industrial output per capita 
less than 10,000 bahts) do the opposite. This evidence can be supported by comparing mean 
values of the fraction of industrial output allocated to consumption of these two groups of 
countries (0.3 for the more industrialised countries and 0.4 for ones that are less 
industrialised). However, It is also important to note here that the fraction of industrial 
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output allocated to consumption may not coincide with the absolute amount of industrial 
output being consumed. Since the more industrialised countries tend to produce a larger 
amount of industrial output the consumption of such output, both in absolute terms and in 
per capita, are large although the fraction is small. 
As the result from a cross-country study confirming national differences in the fraction of 
industrial output allocated to consumption, the time series data of one country was studied. 
Based on Thailand's national income statistics and assuming that the country's consumption 
consists of the consumption of industrial, service and agricultural output, an array of 
fractions of industrial output allocated to consumption in the past was calculated from the 
following equation: 
fraction of industrial output allocated to consumption = 
total consumption - service output consumption - agricultural output consumtion 
industrial output 
The past value of fraction of industrial output allocated to consumption is then plotted 
graphically versus the country's per capita industrial output in a corresponding year as can 
be seen in Figure 6-10. 
Figure 6-10 	Fraction of industrial output allocated to consumption and industrial 
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The relationship between the fraction of industrial output allocated to consumption and 
industrial output per capita shown in Figure 6-10 is non linear. When the country is more 
industrialised (greater industrial output per capita), the fraction of industrial output allocated 
to consumption is lower. However this relationship is, to some extent, decline when the 
industrial output per capita increases further. At the higher level of per capita industrial 
output, a smaller number of fractional industrial output allocated to consumption will 
decrease as a result of the rising industrialisation. 
In TEEM, the fraction of industrial output allocated to consumption was assumed to be a 
variable whose value changes with level of industrialisation. As industrial output per capita 
increases, the fraction of industrial output allocated to consumption will decrease, meaning a 
larger fraction will be available for export or investment. Such assumption implies that when 
Thailand is more industrialised, the increased consumption will be made available because of 
the larger size of industrial output rather than higher fraction of allocation. Figure 6-11 
shows the graphical function between fraction of industrial output allocated to consumption 
and industrial output per capita used in TEEM's production sub-model. 
Figure 6-11 	Graphical function of fraction industrial output allocated to 
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Fraction of industrial output allocated to exports 
The fraction of industrial output allocated to export includes all kinds of manufactured 
products not to be either consumed or invested, but to be exported. It is therefore 
correspondent to the manufacturing exports in SNA and in Thailand's national income 
statistics. In TEEM, the fraction of industrial output allocated to exports is assumed to vary 
as a function of time. While the parameter value varied during the past period (1970-1995) is 
derived from historical statistical record, those beyond the present time are specified 
according to the following assumptions: 
• Export led growth will remain the prime policy of Thailand. 
• There is increasing competition in the world market. Despite the fact that Thailand has 
very small share in world trade, it has already subject to various restrictive measures 
from industrial countries, which are the major markets for Thailand's manufactured 
products 00 
Based on above assumptions, an acceleration in the growth of exports is unlikely (although 
Thailand still emphasises policy promoting export). Therefore, for the simulation runs 
beyond 2000, TEEM assumes that the fraction of industrial output allocated to exports will 
remain unchanged from the level at the year 2000. The value of fraction of industrial output 
allocated to export is presented graphically in Figure 6-12. 
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66,2 Service sector 
Fractional capital allocated to service investment 
Fractional capital allocated to service investment is a number indicating a proportion of the 
capital to be allocated to service sector. In TEEM, the fraction of capital. allocated to service 
production is assumed to change with the ratio of per capita service output in any given year 
to the indicated per capita service output of that year. While the actual service output 
available for each person is dependent upon the total amount of available service output and 
population in a year, the indicated service output per capita varies with level of 
industrialisation. 
Because there is no evidence indicating how much capital Thailand allocated each year to 
services, at this stage, the fractional number to be used in TEEM is specified to be varied in 
the range of 0.4-0.7 or 40 %-70% of the country's annual capital formation (UK's and 
Korea's 1970 and 1990 figures which are 60% and 70% for the UK and 50% and 58% for 
Korea, respectively ' 0 ') as can be seen in Figure 6-13. 
Figure 6-13 	Graphical function between fraction capital allocated to service 
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Figure 6-13 shows a graphical function between the fractional capital allocated to service 
production and the "service output ratio" (the ratio of service output per capita to indicated 
service output per capita) . The slope of the graph determines the magnitude of the response 
to any discrepancy between actual per capita service output and indicated service output 
levels. In the graph, it is assumed that the proportion of capital to be allocated to service 
production increases when the service output available for each Thai citizen is below a target 
value (service output ratio, which is determined by level of industrialisation, is less than 1.0). 
If the service output ratio equals 1.0, that is the actual per capita service output meets its 
target level, then the fractional capital allocated to service production will be a half of capital 
formation (fraction = 0.5). The fractional capital allocated to service production will be less 
than half if the value of service output ratio is greater than 1.0 (meaning that the actual 
output is greater than the indicated output, therefore there is less demand for new investment 
in services). The variation of values for the fractional capital allocated to service sector 
implies how the country responds to the demand for service output. In TEEM this response 
is arbitrarily set because at the time of study, none of general criteria are available as 
mentioned earlier. In the real world, this may be dependent upon the economic policy the 
country is pursuing. For future simulations, the value for the fraction allocated to service 
production can be changed in accordance with the country's production or economic policy. 
Indicated service output per capita 
Indicated service output per capita is the amount of service output theoretically desirable for 
each Thai citizen in a given year. In TEEM the indicated service output per capita is 
determined by the industrial output per capita. 
To express the indicated service output per capita as a function of industrial output per 
capita implies that the level of industrialisation some way determines the level of indicated 
service output. Indeed, the direct relationship between the level of industrialisation 
(industrial output per capita) and societal demand for service output (indicated service output 
per capita) is quoted by a number of studies 81,102.  In TEEM this relation is re-analysed by 
plotting graphically the cross-sectional data of service output and industrial output per capita 
of over 80 countries. Figure 6-14 portrays this variation. 
170 
Chapter 6 :Production 
Figure 6-14 	The relationship between industrial output per capita and service 
output per capita 
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Figure 6-14 illustrates the relationship between industrial output per capita and service 
output per capita 97 . As can be seen in the figure the countries with larger industrial output 
per capita (more industrialised) tend to have higher service output per capita. However, the 
increase in demand for service output per capita as a function of increasing industrial output 
per capita is likely to be slower when industrial output per capita grows very much further. 
In TEEM, the fraction of capital allocated to service investment is determined by this 
empirical relationship. 
Service output and service output per capita 
Service output represents products produced from service capital, measured in bahts per 
year. It can be either market services such as hotels, mass media, and cinemas or non-market 
services such as education, health and social services. Service output per capita is the amount 
of service output possibly available for Thai citizens to consume and export. It is calculated 
from the total service output divided by the population. 
The simulation of service output is analogous to that of the industrial output, where labour is 
not included in their functions and technology is incorporated implicitly to the functions 
through the variable capital-to-output ratio (more detail is given in the industrial sector) . The 
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equation used to calculate service output has been shown below. 
Service output = service capital stock/service capital-to-output ratio 
From the equation, service output to capital ratio indicates the quantities of capital required 
to produce one unit of service output per year. As with the industrial capital-to-output ratio, 
it is assumed to be a constant with an average value equal to 2.2 in all simulation runs (see 
detail in the description of the industrial capital-to-output ratio). 
Service capital stock 
Service capital stock is the stock of capital accumulating over time for generating service 
output. Roads, bridges, railways, and vehicles are examples of service capital accumulated 
for transportation services. Village, district, town, and city clinics, health centres and 
hospitals along with the necessary diagnostic treatment and surgical facilities are another 
example of service capital aggregated over time to provide health service. The stock of 
service capital is calculated from the service capital stock of the previous year plus 
investment and less depreciation of the service capital in that year. In TEEM, while the 
initial service capital stock was estimated as 138,837 million bahts (using the same method 
as the estimation of 1970 industrial capital stock), the formation and depreciation of service 
capital are calculated from the same equation as the industrial capital formation and 
depreciation (see the descriptions of industrial capital formation and depreciation in this 
section). 
6.7 Production sector simulation runs 
The simulation was on two bases: historical runs: comparing model-generated behaviour 
from 1970 to 1995 with actual historical data (Section 6.3) and projection runs : projecting 
future behaviour of the production sector to the year 2050. Influencing factors : population 
and fraction capital allocated to energy sector normally taken from population and energy 
sector are simulated exogenously in this chapter based on historical data (for historical runs) 
and data from previous studies (for projection runs). 
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6.7.1 HistoirieaR runs 
In the production sector's historical run, the initial value for the population was set at 36.37 
million (population in 1970), with an average population growth rate of 2.6 % per year from 
1970-1990,1.9 % from 1981-1990 and 1.3% per year from 1991-1995. The values for 
fractional capital allocated to energy sector were at 0.05 for the simulation period of 1970-
1990 and at 0.1 for the period 1991-1995 (estimated based on historical data 8). 
The historical runs of the production sector generate behaviour (Figures 6-15 A and B) 
confirming the accurate simulation of this sector. Figure 6-15 A illustrates that over the past 
two decades, as the capital available for investment (from domestic sources and imports) 
increased, Thai production output also increased consistently from 138 billion bahts in 1970 
to 835 billion bahts in 1995, representing an average increase of 7.5 % per annum, 
comparable to the actual historical behaviour of the production sector (whose output in real 
terms increased at the rate of 7 % per year over the same period as shown in Figure 6-1). 
The same figure also shows that the increased Thai production output came mainly from 
industrial and service output whose levels grew significantly from 36 billion bahts and 63 
billion bahts in 1970 to 316 billion bahts and 439 billion bahts in 1995, average increases of 
9 % and 8 % per annum, respectively. At these rates of increase, in 1995 service and 
industrial sector shared the first and second highest proportion of total output, accounting 
for 52 % and 38 % respectively, leaving the rest to be shared by the agricultural sector whose 
output increased at a relatively lower rate at about 3 % per year over the same period. 
Because the Thai population grew at a lower rate (around 2 % per year) than the industrial 
(9%) and service output (7 %), Figure 6-15 B shows that by 1995 the industrial and service 
output available for each Thai citizen were 5,147 bahts and 7,160 bahts, about five and four 
time greater than the 1970 levels, respectively (Figure 6-15C). 
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Figure 6-15 	Production sector (historical run) 
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6.7.2 Projection nans 
Projection runs were based on the assumptions that fractional capital allocated to the energy 
sector would follow its previous fractional value and that growth rates of population would 
decrease according to previous studies (see Figure 3-35 B) 47 . The results of the simulation 
could therefore represent accurately the future behaviour of Thai production sector only if 
these assumptions proved accurate. 
Figures 6-16 A and B show the results for the production sector when simulated based on 
inputs mentioned earlier. The output would grow from 835 billion bahts in 1995 to 18,502 
billion bahts in 2050, representing an average increase of 5.8 % per annum over the same 
period. At an average increase of 6.5 % per year over the next 55 years (from 1995), by 
2026, the level of industrial output would rise above that of service output, reaching 9,879 
billion bahts in 2050. The simulation also indicates that, due to slower increase in 
population, the amount of industrial output to be available for each Thai citizen, in real 
terms, in 2050 is expected to reach 110 thousand bahts, about 20 times greater than the 1995 
level. 
Figure 6-16 	Production sector (projection run) 
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B. Industrial output and service output per capita 
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6.8 Chapter summary 
For the historical run, the results confirmed the accurate simulation of the Thai industrial and 
service output from 1970 to 1995. In the projection run, both the industrial and service 
output, and the industrial and service output per capita would tend to grow further when 
driven by the assumed population growth rates and fractional capital allocated to energy 
sector. 
As mentioned earlier, the author recognises that past growth performance can not be 
maintained and that the results should be viewed as source of quantitative data to be 
compared with the complete run of TEEM in Chapter 8 and on which policy decision can be 
made to improve the energy system behaviour. 
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7.1 Introduction 
Population and development are linked in a complex way 103" 04 . Economic development 
generates output that can be used to improve social conditions and later affect population 
dynamics. High rates of population growth create additional demand for consumption 
(including energy), reducing the level of output available for social and economic 
development. Data on population statistics and economic development of various developing 
countries have shown that, during the past two decades, although more output was produced 
in these countries, living standards measured by output per capita are still far behind their 
counterparts in the developed regions. One of the main reasons suggested is the larger size of 
population of these countries 103 . In the case of Thailand, although there has been an 
impressive reduction of the Thai population growth rate (from 3.07 % in 1970 to 1.2 % in 
19951), over half a million citizens are added to the Thai population each year. The growth 
of Thai population has, to some extent, played a crucial role in increasing demand for 
energy, especially since their lifestyles are being modernised as a result of a rapid structural 
change in the country's economy from an agriculture base to one that is based on industry. 
TEEM has included the population of Thailand as one sector of the model to be simulated 
along with other sectors. In the next section of this chapter, the purpose of the population 
model is addressed. The following sections describe the past and present status and trends of 
the Thai population. This serves as the reference framework or the reference trends which 
the model must duplicate to pass a first test of confidence. Next, the basic concepts and the 
causal structure of the population sector, in accordance with the reference framework, are 
discussed. Then, equations for the model's key variables are presented in detail including the 
basic concepts underlying the formation of these equations and the values assigned to the 
parameters, while the simulation results are presented and discussed in the final section. 
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72 Simulation Purpose 
The population model is part of the Thai energy economic model which has been formulated 
in order to simulate dynamic behaviour of the Thai population. The insight obtained from the 
simulation should lead to better understanding and will provide ideas for further 
management of the energy resources of Thailand. In this sub-model, the population has two 
important characteristics. Firstly, it tends to increase exponentially as shown in Figure 7-1. 
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Secondly, the Thai population is the major consumer of both energy and the country's 
production output. More people means greater consumption which inevitably requires more 
capital to be invested to obtain sufficient supplies of both output and energy to meet demand. 
With the above mentioned characteristics, the population sector of the Thai energy model 
has served two main functions. They are: 
. the function that represents the demographic response of the Thai population, through 
the population growth rate, to the changing conditions such as the change in the level of 
industrialisation or that in the service output available to the Thai citizen. 
. the calculations of population size, which is a determinant of energy demand, and a 
major consumer of production output such as industrial output, and service output. 
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7.3 Historical Behaviour 
To assess the present demographic change and likely future development, it is necessary to 
examine what has been the course of the population events in the past. Many attempts have 
been made to estimate the Thai population for the period before the nineteenth century but 
this was somewhat complicated because the borders of the country have been changed 
105106 throughout the late eighteenth century 	. It is not clear how many people, at that 
moment, still inhabited Thailand's territory and how many were no longer called "Thais" 
after the border change. An estimate was made even more difficult as much of the data 
collected in the past is mostly defective and cannot be accepted without additional analysis 
and interpretation 106 . Skinner (cited in 105), however, believes that there was a slow but 
accelerating pattern of population growth, at least throughout the whole of the nineteenth 
century. It is generally agreed that the number inside the present borders probably rose from 
4 million inhabitants to around 6 million during the period 1700-1900. 
According to the available demographic data, Thailand, as many countries elsewhere in the 
world, has gone through three stages of demographic development. Figure 7-2, shows the 
number of population and growth rates between 1850-1994 (selected years)1,45 ,i07,  and 
indicates that the first stage (before 1920) of the transition presenting a persistently slow 
change in population growth with the average rate of merely 0.7 % per year. This was due to 
106108 the equilibrium between high birth and death rates 	. This is confirmed by the fact that it 
took centuries for the population of Thailand to reach 8 million as enumerated at the first 
census held in 1911, while a successive addition of 8 million was made in very much shorter 
period (32 years) 109 . 
The second phase (between the1920s and 1960s) of Thailand's demographic change began 
with increasing rates of population growth of 2.19% from 1920 to 1930. This rapid increase 
became even more significant during the post World War II period (1947 to 1960) when the 
growth rate soared and reaching the highest level at 3.6 percent in 1969. Many demographic 
studies have explained that the main cause of this steeper rate of growth was the significant 
reduction in population death rates, resulting from the availability of new medical 
technology, whilst little change was found for the birth rates 47,110  (Figure 7-3). 
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The sharp rise in population was more dramatic when coupled with the traditional Thai way 
of life, which preferred larger families. Children were viewed as a worthwhile investment: 
more children meant more hands to till the fields and to harvest crops, so it was imperative 
that citizens had as many children as possible (the fertility rate was in the region of 6.14-6.62 
per woman during the period of 1950s and 1960s" °). When a family became too large for 
the land to support, the landless sons could clear forests and secure new land for cultivation. 
With plenty for all, the population could grow and remained unchecked except by natural 
causes; extra people could easily be accommodated. Had there been unlimited tracts of land, 
the population could have been absorbed. However, the available land was rapidly being 
used to accommodate the growing numbers, and virgin forests could no longer be felled 
without destroying valuable watersheds. For a while, cities could take in the overflow of 
landless sons but soon they too began to feel the pressures of over population. 
It was the sixth population census, carried out in 1960 that shocked the Thai government, 
for the census revealed that the rate of population growth was much greater than had been 
expected. Within the 30 years after World War II, the population had soared from an 
estimate of 17.5 million to nearly 26.2 million in 1960, making Thailand one of the world's 
20 most populous nations III . 
In response, concern was centred on the high birth rate which was at that moment the main 
determinant of population growth. In March 1970, the announcement of the National 
Population Policy led to the incorporation of family planning programmes into the Third 
five-year social and economic development plan. Various practical family planning 
programmes, such as establishing family planning clinics and subsidising contraceptive sales 
were implemented. Some studies have shown that couples that were hard-pressed to support 
their families, began to go to the district health centres for advice on contraceptive devices. 
By 1974, it was estimated that 25% of all fertile married couples were using modern 
contraceptives, one of the highest percentages for developing countries 111 . 
The third stage of population change occurred as a result of these high growth remedies, and 
the country was becoming more industrialised. The population growth fell to an annual 
average of 2.99 %, 2.06 %, 2.06 % and 1.63 % during the third (1972-76), fourth (1977-81), 
fifth (1982-1986) and sixth (1987-91) Development Plans respectively. By 1995 the Thai 
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Based on the pattern of population transition described above, it was expected that although 
the Thai population will grow further, its rates of growth will be further decreased. This 
expectation can be supported by the population projections, done by the National Economic 
and Social Development Board (NESDB) in 1995 demonstrating that assuming medium 
fertility levels, the Thai population would reach about 70 million by 2020, corresponding to 
an annual average rate of growth of about 0.4 % 112  In the mean time, The United Nations' 
World Population Prospect 47 has also revealed that the Thai population growth rate would 
decrease to 0.26 % (medium variant projection) with a total population of 82 million by the 
year 2050 and should be stabilised at the replacement level from then on as shown in Figure 
7-4. 
Figure 7-4 	Projected population and its growth rate 
1960 	1980 	2000 	2020 	2040 
7.4 Basic Concepts 
The population sub-model adopts a simplified approach, while retaining important dynamic 
behaviour. To have a model with such characteristics, basic concepts and a number of 
assumptions for the model are needed. This section describes the concepts and assumptions 
on which TEEM's population sub-model is based. 
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7.4.1 Simple population equation 
Although births and deaths are the two factors that affect the population change of a country, 
in countries with a history of inward migration e.g. the Chinese during the late 19 th century 
or emigration e.g. the Vietnamese during the Vietnam War, population figures could be 
significantly influenced. With this determination, the population equation is usually 
simplified as follows: 
population year (t) 	= population year (t-1) + (BD+M) * dt 
where 	population growth = (B-D+M) 
therefore 	population year (t) 	 population year (t-I) + dt * population growth 
and this equation is used to calculate population in TEEM. 
In TEEM, the population growth rate takes account of both the birth rate and the death rate 
while migration rate is omitted. This is because changes in the Thai population after World 
War II were significantly related to natural increase (birth and death) rather than to migration 
as stated in UN's Country Monograph: Population of Thailand 113 . 
7.4.2 The Thai population sector's characteristics 
The main characteristics of the Thai population sector may be summarised as follows: 
. The Thai population has exhibited different growth rates in the past. 
. The Thai population growth rate has fallen dramatically since 1970, and appears to be 
going to continue to do so, at slower rates. 
The growth rate varies inversely with the level of the country's industrialisation and the 
amount of service output (described later) available for each Thai citizen. 
74.3 Fundamental postulations 
Several demographic studies have suggested many determinants which may influence 
population growth 114"5 Meadows, for example, has distinguished these determinants into 
115 two main groups: demographic determinants and external determinants .The demographic 
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determinants are the factors arising from the population itself, for example, the demographic 
determinant of the total number of births in any given year is the total number of women of 
each age in the population, and the demographic determinant of the number of deaths each 
year is simply the number of persons of each age in population. 
While the demographic determinant is somewhat simple and straightforward, the external 
determinant is more complicated and consists of diverse factors, such as economic, social, 
cultural or political factors. None of these is uniquely responsible for population change, but 
rather, different factors act simultaneously in several directions. Experts have noted that, 
due to the diversity of determinants of population growth, the uncertainty of population 
forecasts is no surprise 116 Any population model that tries to include each separate 
determinant soon becomes hopelessly confusing. 
In the interests of simplicity, the determinants of the Thai population growth rate have been 
limited to only those that are accounted for as external (economic, social, cultural and 
political factors). In TEEM, the age and sex structure are not dis-aggregated. The Thai 
people are considered as a group influenced by dynamics of the external determinants 
through population growth rate and growth control multipliers (to be described later) as can 
be seen in Figure 7-5. 
Figure 7-5 	Basic structure of TEEM's population sub-model 
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7.4.4 Factors determined population growth rate 
Despite the range of factors influencing population growth rate, to demonstrate their 
influences requires the use of sophisticated statistical inference techniques which is too 
complex and may be impossible for the study (due to lack of available data). As the 
combination of a country's social, cultural, political and economic performance is mostly 
quantified by using economic statistics, the economic factors are explicitly of concern to 
TEEM, albeit as incomplete, indicators of population growth. 
7.4.4.1 Industrialisation and population change 
Previous demographic studies 115" 17 have shown the relationship between population growth 
and level of income (see Figures 7-6 and 7-7). 
Generally, countries with a relatively high income per capita tend to have both lower fertility 
and mortality rate, leading to gradual growths of population. Figures 7-6 and 7-7 shows the 
non-linear relationship between GNP per capita and life expectancy, and between GNP per 
capita and fertility rate 28 . Moreover, they also illustrate that both parameters saturate, or to 
change very little above a certain level. 
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Demographers and economists have attempted to explain the mechanism of how national 
income can affect life expectancy and fertility rate. Some have suggested that the level of 
income may affect social acceptance of smaller family size, leading to lower fertility rate 118 
while some argued that income may change a family's relative desire for material goods, 
and the family tends to focus on quality of child raising so that less emphasis is given to 
quantity11 . Some also pointed out that income may change life expectancy through the high 
priority placement on education119  Meanwhile, Meadows 115  has argued that per capita 
income probably can not raise life expectancy unless it can be spent on food, medicine and 
housing. Thus rising income may affect life expectancy only if it brings about the provision 
of better food and develops medical and sanitation technologies, and offers more health care 
facilities. Above all, it is pointed out that the societies which have generated high average 
personal incomes have generally been characterised by the western social norm. 
7.4.4.2 Industrialisation and the Thai population growth rate 
In Thailand, the change in population is found to be coupled with structural change of the 
country's economy (that is changing from an agricultural base to industrial base economy). 
In review of the relationship between Thailand's industrial output per capita and population 
growth rate, it is found that there is a significant correlation between these two factors. The 
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relationship between industrial output per capita 2 '3 '4 and population growth rate 
1,45  is shown 
in Figure 7-8 
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Figure 7-8 shows the relationship between Thailand's industrial output and population 
growth rate. The tendency to approach an asymptote is visible. Because of the trends evident 
in Figure 7-8, it was assumed that the industrialisation, which in TEEM is indicated by 
industrial output per capita, is one determinant of the Thai population growth rate. 
7.4.4.3 Social services and population change 
Many studies have cited the complex relationships between social factors, such as medical, 
health care and education, and population growth rate. The evidence of an increasing 
population in most industrialised countries during the late 18 th and early 19th  century was, for 
example, confirmed to be the result of provision of healthcare technology and facility. 
Similarly for most of those countries which are less industrialised, the sharp increase in 
population after the Second World War was caused solely by rapidly falling death rates as a 
result of the application of highly effective imported modem medical and disease control 
technologies. 
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In recent years, the provision of advanced health care services also influences the population 
change by stabilising population growth at low rates. This influence can be explained as 
follows when sufficient health care is provided, mortality rates decrease, especially the 
child mortality rate. As the child mortality rate decreases, parents tend to have less children. 
Therefore, population growth rate decreases. Moreover, when social acceptance and support 
for the small family norm is created (through the country's modemisation resulting from 
increasing industrialisation), health care services especially the prevailing of family planning 
programmes work as a very effective tool to bring down the fertility rate and eventually 
reduce population growth rates. 
Similarly, education influences population change. Todaro 117 has noted that the expanding 
efforts to establish education services, thereby increasing the opportunity of employment in 
less developed countries, will not only contribute to economic and psychical well-being, but 
can also contribute substantially to the motivation for smaller families, which is vital to 
reducing population growth rates. When such motivation exists, well executed family 
planning programmes can then be an effective tool. The relationships between education and 
fertility rate can be seen in Figure 7-9. 














0 	20 	40 	60 	80 	100 
adult illiteracy (%) 
188 
Chapter 7 :Population 
7.4.4.4 Social service and the Thai population growth rate 
In Thailand, the growth in population between 1940-70 was undoubtedly caused by the 
introduction of western medical technologies, while the reduced growth rate has occurred 
significantly after the extensive implementation of family planning programmes and the 
introduction of modern contraceptive methods under the national health services (Thailand's 
family planning programme was first established during the first half of the 1970s' 20). The 
further emphasis on growth control was also drawn to the incorporation of family planning 
and health care knowledge into the national education curriculum. While there was an 
increase in health care and education services, other types of social services such as 
recreation and entertainment also rose consistently. This also strengthened the effectiveness 
of growth control induced by education and health services. 
In TEEM, there is no intention to simulate separately the influence of health care, education, 
and other services imposing on population growth rate. All kinds of social services are 
combined into a single category of social services working together to modify the Thai 
population growth rate as shown by the relationship between social service output 2,3,4  and 
population growth rate 1,45  in Figure 7-10. 
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7.5 Causal Structure 
The summary of complex feed back loops which link all the assumptions described above is 
shown in Figure 7-11. The figure shows that the demographic basis of growth in any given 
year is the population itself. The population is multiplied by the external determinant, the 
population growth rate (which reflects all the socio-economic influences), and gives the 
population growth in each year. With this assumption, growth can be affected by either the 
population which already existed or by the rate of growth which is influenced by socio-
economic, cultural or political factors (here this is confined to industrial output and social 
service available for each Thai citizen). The heavy arrows in the figure indicate relationships 
of the population sector with other sectors in TEEM. 
Figure 7-11 	Causal relation of the Thai population model 








growth rate 	 industrial output 
rH 
(iCM from industrialisation 
A 	social servi 
GCM from social service service output 
Both industrialisation (represented by industrial output per capita) and social service per 
capita influences population growth rate through the growth control multiplier (GCM). The 
growth control multiplier reflects the effect of industrialisation and level of social service by 
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altering the "normal" population growth rate (population growth rate in 1970) to one that 
actually affects the growth of population (actual growth rate). In Figure 7-11, as industrial 
output per capita or social service per capita increases, the GCM from industrialisation and 
social services will decrease, thereby reducing the population growth rate and growth of 
population. As the growth of population decreases, for a given industrial output and social 
service, both the industrial output and social service per capita will rise further, leading to a 
further reduction in GCM, and population growth rate, as witnessed in demographic changes 
of many industrialised countries. 
Based on the causal relations described above, population growth rate is likely to fall only if 
the country is more industrialised and more service output is allocated to social service. 
While the industrial and service output is modelled separately in the production sector, the 
allocation of service output to social service is simulated within the population model. The 
causal relations shown in the same figure also indicates that here, the ratio between the 
actual population growth rate and target growth rate was used to adjust the fraction of service 
output allocated to social service. If the actual growth rate is close to the target growth rate 
(the ratio is close to unity), implying no need to accelerate public spending on social service, 
the fraction of service output allocated to social service will be reduced. On the other hand, if 
the actual growth rate is far higher than that set in the target, more service output will be 
allocated to the social services. The causal relations in the Thai population sub-model are 
then translated into a flow diagram and a set of equations giving more detail on the 
quantitative data of the population sector. This flow diagram is shown in Figure 7-12 and the 
equations are described in the following sections. 
7.6 Description of equations 
Population 
Population is the number of people who reside within Thailand's boundary: in TEEM the 
population of Thailand in any given year equals the population in the previous year plus 
population growth during the year. The initial value of population (population in 1970) has 
been taken as 36.37 million45 . 
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Figure 7-12 	The Thai population flow diagram 
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Population growth rate 
In TEEM, the population growth rate is calculated from the "normal" population growth rate 
multiplied by growth control multipliers. While the "normal" population growth rate is 
specified as a constant of 3.07 % according to historical estimates, the GCM changes each 
year with the factors influencing population growth rate described in the following 
equations. To modify population growth rate by incorporating GCM into the equation of 
population growth rate implies that there is no attempt, in this model, to investigate directly 
the determinants of actual growth rate by statistical inference  techniques. The change in 
population growth rate is solely determined by the growth control multiplier. 
Growth control multiplier (GCM) 
Growth control multiplier is a variable expressing the effects of all the factors influencing 
population growth. By incorporating GCM into the population growth rate equation, the 
normal population growth rate is modified each year by the specified determinants (through 
GCM). 
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In TEEM, GCM is assumed to change with level of industrialisation (industrial output per 
capita: IOPC) and available social services (social service per capita: SSPC). In response to 
changes in IOPC and SSPC, a number of assumptions are given. They are as follows: 
• For the normal stage (when industrial output per capita and social service per capita are 
all equal to their 1970 levels), GCM is equal to 1.0. 
• If the industrial output available for each Thai citizen (IOPC) is less than 10,000 bahts, 
in real terms (constant at 1970 price), both industrialisation (IOPC) and social service 
(SSPC) work together to determine GCM. When IOPC is 10,000 bahts or over (which is 
close to those in industrialised countries), the level of industrialisation will no longer 
affect growth of the Thai population. Therefore, the GCM is determined only by social 
services. This assumption is based on the evidence occurring in most industrialised 
countries (IOPC in 1970 price is about 10,000 bahts per capita or over 97) whose 
population growth rates have been stabilised (at lower levels), although industrial output 
per capita continues to increase. The stabilisation of population growth rates implies that 
after being industrialised, IOPC no longer influences population growth rate. 
Based on the above assumptions, the GCM equation has been written as follows: 
GCM = GCMIOPC*GCMSSPC 	for IOPC<10,000 bahts per person 
GCM = GCMSSPC 	 for IOPC > 10,000 bahts per person 
From the above equation, the terms in the GCM give a sense of synergetic working of the 
two factors (industrial output per capita and social services per capita) in altering the growth 
rate to arrive at the value that is in line with that set by the country's policy and social norm 
(target growth rate). For example, if both the industrial output per capita and the social 
services per capita are to be changed from the normal condition and the industrial output per 
capita is less than 10,000 bahts, the growth rate would be calculated as follows: 
• If the ratio of IOPC (IOPC/IOPC 1970) = 1.2, GCM from IOPC will equal 0.85 (to be 
discussed later), and 
o if the ratio of SSPC (SSPC/SSPC 1970) = 2.0, GCM from SSPC will equal 0.53 (to be 
discussed later) 
When industrial output per capita is less than 10,000 bahts; 
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GCM 	 = 	GCM IOPC *GCM  SSPC 
0.446 	 = 0.85*0.53 
And eventually alters the actual growth rate to yield: 
	
population growth rate 	= 	normal growth rate * GCM 
1.37 	 = 	3.07*0.446 
Growth control multiplier from industrial output per capita (GCMIOPC) 
GCMIOPC reflects the magnitude of influences (on population growth rate) caused by the 
change in industrialisation and is assumed to vary with change in industrial output per capita 
(the ratio of IOPC in any given year to IOPC 1970). 
In the absence of any previous studies on the empirical relationship between population 
growth rate and the industrialisation, a function of GCMIOPC and IOPCIIOPC 1970 is 
created based on historical data of the ratio of population growth rate in any given year to 
population growth rate in 1970 (NGRINGR1 970 : GCM) and the ratio of industrial output 
per capita in any given year to industrial output per capita in 1970 (the ratio of IOPC to 
10PC1970). This empirical relationship is illustrated in Figure 7-13. 
Figure 7-13 	Growth control multiplier from industrialisation (GCMIOPC) and 
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As the year 1970 is the initial year for the simulation, it is assumed that when industrial 
output per capita is at the 1970 level (IOPC ratio is equal to 1.0), the population growth rate 
is equal to the one in 1970 (3.07 %). And the growth control multiplier will accordingly 
equal 1.0 (indicated by X in Figure 7-13). When industrial output per capita moves from the 
1970 value (IOPC/IOPC 1970 is more or less than 1.0), the GCMIOPC varies according to 
the graphical function shown in Figure 7-13. 
Although industrialisation affects population growth rate through the change in societal 
perception of a smaller family size, and the availability of growth control technologies 
resulting from the country's increasing modernisation, any change will possibly take some 
time to occur. At present, there is insufficient data to specify exactly how long this will take. 
One previous study has, however, noted that it might take some 20 years to make a 
perception of smaller family size accepted by societies 115 UN's study on population 
determinants also pointed out that the change in population in less industrialised countries 
may require relatively smaller resources, both human and financial, and may not be 
dependent upon the slow process of economic and social change. Large gains in longevity 
may be attained in a relatively short period when compared to their predecessors in the more 
industrialised countries 114 In TEEM, it is assumed that it would take about 10 years to make 
the perception of a smaller family size be accepted by the Thai society. 
Growth control multiplier from social services per capita (GCM SSPC) 
Qualitatively, it is easy enough to postulate a relationship between social services and 
population growth rate. However, it is rather difficult to quantify precisely this relationship 
and the magnitude of the influence the social services imposing on the population growth 
rate. In TEEM, the growth control multiplier from social services (GCMSSPC) is created to 
represent this magnitude. It is therefore assumed to vary with change in social service per 
capita (the ratio of SSPC to SSPC1970). 
In the absence of any information about how the growth control multiplier will respond to a 
decrease in social services per capita, the study postulates that the relationship between 
GCMSSPC and the social services per capita is based on empirical relationship noted in past 
years (Figure7-14), while a chain of assumptions described as follows is also prerequisite. 
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• The growth control multiplier from social services (GCMSSPC) in TEEM's population 
model is not defined in terms of a multiplier obtained from a particular birth control 
scheme or education programme, but is defined in terms of the multiplier obtained from 
the influences of all kinds of social services imposing on the population growth rate. 
• When social services per capita is at the 1970 level, the actual growth rate equals the 
growth rate normal (3.07 %). The GCMSSPC at this level will accordingly equal 1.0 
(indicated by X in Figure 7-14) and has no effect on the population growth rate. 
• If social services per capita is to be increased from the 1970 level (SSPC >1.0), the 
population growth rate would decrease according to the graphical function shown in 
Figure 7-14. 
Figure 7-14 	The graphical function of growth control multiplier from social services 











• If the social service per capita falls below the 1970 level, the actual growth rate would 
rise according to the empirical relation ship shown in the same figure. However, since 
most of Thai citizens have already been educated (more than 90% of adults have 
become literate over the last two decades 28), and family planning programmes have 
reached most areas, a sharp rise in the Thai population growth rate is unlikely to occur. 
Moreover, when social services per capita decrease, not only do birth rates increase but 
death rates also increase. This would make overall actual growth rate figure increase 
slightly or eventually become stable. 
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• There is a delay between the allocation of social services and the development and 
implementation of them throughout the country. This delay involves the time for 
construction of social facilities and for the dissemination the programmes. Therefore it is 
assumed that it will take 5 years for social services to have any effect on population 
growth rate. 
Social services 
Social services consist of health care, education, community services, entertainment, 
recreation and other services. It is basically classified as social services in Thailand's 
national income statistics and included in the service output category. In TEEM the social 
services are assumed to vary with service output and the fraction of service output allocated 
to social services. While service output is simulated separately in TEEM' s production sub-
model (which is described in the production chapter), the extent of service output allocated 
to social services is a fraction determining how much service output to be allocated to social 
services and is simulated within the population sub-model. 
To be able to quantify the magnitude of the fraction, TEEM assumes that the fraction of 
allocation is determined by the ratio between average population growth rate and target 
population growth rate (growth ratio). If the "growth ratio" is far greater than 1.0, the 
country will allocate more service output to social services, leading to a larger fraction of 
service output to be allocated to this matter. On the other hand, the country will allocate a 
smaller fraction of service output to social service, if the "growth ratio" is close to 1.0. In 
TEEM, the empirical relationship between fractional service output allocated to social 
service and "growth ratio" was created based on historical data as shown in Figure 7-15. 
Growth ratio 
The different between the desired growth rate and average growth rate is recognised by the 
model through the value of the growth ratio (the ratio of the average population growth rate 
to the desired growth rate). The target growth rates are the population growth rates the 
country aims to reach (see Table 7-1) and specified based on UN's population projections 47 
and current expectation on Thai population growth rate. The average population growth rate 
is the value obtained from averaging population growth rate over the past 5 years, as the 
duration of the national development plan in Thailand is set at 5 years. 
197 
Chapter 7 :Population 














0 	 1 	 2 	 3 	 4 
population growth rate/desired growth rate 
Table 7-1 	Target growth rates 







7.7 Population sector simulation runs 
Concepts and assumptions of the population sub-model of TEEM have been described and 
are discussed in the preceding sections. This section presents dynamic behaviour of the 
population sub-model generated from simulating altogether such concepts and assumptions. 
Because the sector is not a complete model itself, to run it alone requires some inputs to be 
incorporated into the simulation. Here, the industrial and service output which are normally 
taken from TEEM's production sector are incorporated and simulated as exogenous 
functions through time. 
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7.71 Historical runs 
In historical runs, the actual data on Thailand's industrial and service output from 1970 to 
1995 was directly duplicated. The level of population generated by the model was used to 
calculate values for industrial and service output per capita. Both of these are later employed 
as inputs of the model and work together to influence the population sector behaviour 
(Figure 7-16) after taking some time delay based on the assumptions described earlier. 
The simulation of the population sector demonstrated that the Thai population grew 
exponentially from 36.4 million in 1970 to 48 million in 1980, representing an increase of 
2.8 % annually which is consistent with that of historical data. For the last 15 years of the 
simulation (1980-1995), growth of the Thai population slowed down, reaching 63 million in 
1995. 
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7.7.2 Projection runs 
Projection runs were carried out from 1995 to 2050 to project future behaviour of population 
sector, based on historical growth rates of industrial (7% annually) and service output (7 % 
per annum). These rates were selected merely to have the population sector run in isolation 
of other sectors and it is accepted that the assumed growth rate may change. 
Figure 7-17 presents results obtained from simulating the population sub-model using the 
inputs described earlier. The figure reveals that when driven with historical growth rates of 
industrial and service output, the Thai population growth rate would decrease further, 
leading to a slower growth. By 2050, the Thai population is expected to reach 86 million, 
only 1.4 times the current level. 
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7.8 Chapter summary 
The historical runs of this sector yield outputs similar to actual data. When driven by 
historical growth rates of industrial and service output, the projection run shows a 
continuation of population growth with a tendency to reach a plateau in the future. The 
projection runs using historical growth rates yielded results useful as benchmarks for future 
analysis. 
201 
CHAPTER 8: SIMULATIONS OF TEEM 
8.1 Introduction 
TEEM consists of five sub-models of energy demand, electricity, fossil energy, production 
and population sectors. Each of them consists of variables interacting with each other within 
and among the sectors already described in the previous five chapters and shown (only key 
interactions) in Figure 2-8 (Chapter 2). This chapter illustrates the behaviour of the model 
resulting from such interactions, taking accounts of a set of assumptions already described in 
Chapters 3 to7 and summarised as follows. 
Assumptions for TEEM's population and economic sectors 
. Levels of industrialisation influences levels of service output. 
• Industrial and social service output per capita determine population growth rate. 
Assumptions for TEEM's energy demand 
• Energy demand is determined by the level of the country's industrialisation, energy 
price, level of production output and population. While the first determinant affects 
citizen's lifestyle and perception of energy use, the second provides incentive for 
improvement in end use efficiency. Those remaining act as multipliers of energy demand 
which would increase if the sizes of such determinants increase. 
Response of energy consumption to energy price exists with delays. 
Assumptions for TEEM's fossil energy sector 
• The reserves of fossil energy in Thailand are limited. 
• The production capacity of fossil energy is dependent upon both capital and recoverable 
reserves of fossil energy. 
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Assumptions for electricity sector 
Any change in installed capacity and in production capacity of fossil energy cannot 
occur without delays, such as that for construction. 
Section 8.2 of this chapter, historical runs, compared TEEM's generated behaviour with the 
behaviour that actually occurred in the past (1970-95), to confirm the validity of the model 
before proceeding. The results from model-sensitivity tests are illustrated in this chapter 
together with simulations of alternative policies. 
8.2 Historical runs 
The ultimate value of any model is dependent upon the degree of confidence which it can 
achieve 121 . To gain such confidence, the model has to be able to represent a real world 
system by reproducing behaviour that is comparable with real world past experiences. As 
TEEM is a model focusing on behavioural change, the evaluation of its ability to represent 
the real world system is based on its ability to produce accurate behavioural changes over 
time rather than on whether it could produce actual values of variables at any point in time. It 
should be noted here that an evaluation of the accurate values of variables is not a significant 
test of TEEM's usefulness. 
A historical comparison was carried out by running TEEM from 1970 to 1995. The output 
obtained from the runs are presented in this section in six figures. The first figures illustrates 
behaviour of energy system as a whole, including gross energy demand, its supply 
components - production and imports, and capital investment in energy sector (in both 
absolute and percentage terms). This figure is of primary importance to energy policy 
makers because it provides a measure of past (historical runs) and future (reference 
projection and policy tests) Thailand's dependency on foreign energy and of potential 
economic effects resulting from the dynamic system of energy. The remaining figures 
illustrate the behaviour of the five sub-sectors of TEEM. The outputs are in the same format 
as illustrated in the simulation sections of Chapter 3 to 7, so that the two can be compared. 
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8.2J1 Energy balance (gross energy demand and supply) 
Figure 8-1 A presents gross energy demand and supply obtained from TEEM's historical 
runs. The figure shows that from 1970 to 1995 gross energy demand grew continuously from 
11 M toe in 1970 to 67 M toe in 1995, representing an average increase of 7 % per annum. 
The same figure also reveals that even though domestic energy production increased from a 
mere 6 M toe in the past to 39 M toe in recent years, it could not wholly satisfy the growing 
demand. The remaining energy demand (in the region of 40 %-50 %) had to be met by 
import. 
As gross energy demand increased, capital investment in energy sector also grew 
accordingly. Figure 8-1 B shows that over the past 25 years capital investment in energy 
sector has increased from 1 billion bahts in 1970 to 25 billion bahts in 1995, corresponding 
to 3 % and 9 % of the country's total capital investment, respectively. 
Figure 8-1 	Energy balance (historical runs) 
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8.2.2 Energy balance's causal mechanisms (historical runs) 
Figure 8-2 to 8-6 illustrates the causal mechanisms underlying the energy balance (import 
dependence) obtained from TEEM's historical runs. Such mechanisms stem from the 
interactions of variables in the five sectors of TEEM, leading to changes of key variables of 
each sector as following: 
8.2.2.1 Energy demand sector (final energy demand) 
The changes in volume and pattern of final energy demand obtained from TEEM's historical 
runs are close to those that actually occurred in Thailand (Chapter 3). The total final energy 
demand increased from 8 M toe in 1970 to 46 M toe in 1995, an average increase of 7 % per 
annum (Figure 8-2 A). This increase was exhibited by all sectors. 
Of the final energy demand, Figure 8-2 B shows that non-electricity commercial energy 
(direct fossil energy consumption) contributed the major proportion, ranging from 54 % to 
60 % during the same period (1970-95). Traditional energy, which contributed a significant 
proportion of final energy consumption during 1970s, lost its importance in the Thai energy 
system, as its share decreased from 42 % in 1970 to 28 % in 1995. This reduction occurred 
as the country became more industrialised, leading to a rapid substitution of traditional 
energy by electricity and fossil energy. 
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Figure 8-2 	Historical behaviour of TEEM's energy demand sector 
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8.2.2.2 Electricity sector 
The country's increased industrialisation and low electricity prices have accelerated growth 
in electricity consumption. By 1995, its share in final energy demand reached 12 %, about 
three times the 1970 proportion. The increase in electricity demand led to an increase in 
installed capacity and a further increase in fossil energy and capital investment. 
Figure 8-3 A shows that from 1970 to 1995, when peak demand rose from 0.8 GW to 12 
GW, an average growth of 11 % per year, the country's available installed capacity also 
grew from 1.3 GW to 16.1 GW. This was coupled with increases in both fossil energy and 
capital requirement of the electricity sector as shown in Figure 8-3 B. 
Figure 8-3 	Historical behaviour of TEEM's electricity sector 
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8.2.2.3 Fossil energy sector 
Figure 8-4 A presents the pattern of change in key variables of the fossil energy sector. 
Fossil energy production rose consistently from almost zero in 1970 to 16.4 M toe in 1995. 
However, this rise was unable to meet an even more rapid increase in fossil energy demand 
of the country. It can be seen in both Figures 8-4 A and B that most of the demand was met 
by imports. 
The historical runs of fossil energy sector also indicate that during the period of 1970-1995, 
fossil energy actual selling price was higher than that which fossil energy companies 
expected, leading to a higher incentive for investment in fossil energy production. Figure 
8-4 C shows an increased investment capital of fossil energy sector from a mere 0.06 billion 
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Figure 8-4 	Historical behaviour of TEEM's fossil energy sector 
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8.2.2.4 Production sector 
During the period of 1970-1995, as shown in Figure 8-5 A, total output grew consistently 
from 138 billion bahts to 784 billion bahts, representing an average increase of 7 % 
annually. At the same time, the composition of the production output also changed 
remarkably, from one that used to be dominated by agriculture (whose share in total output 
dropped from 28 % to 10 % over the same period) to one that is mainly contributed by 
industry whose output in real terms (constant at 1970 prices) rose from 36 billion bahts in 
1970 to 286 billion bahts in 1995, representing an average increase of almost 9 % per year. 
The same figure also shows that while the production structure was transformed from 
agricultural to industrial dominance, the service sector continued to play an important role, 
with an output which increased from 63 billion bahts in 1970 to 417 billion bahts in 1995, 
over 50 % of the total. 
As the industrial and service output increased, the population grew more slowly, and the 
industrial and service output per capita rose accordingly as shown in Figure 8-5 B. 
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Figure 8-5 	Historical behaviour of TEEM's production sector 
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8.2.2.5 Population sector 
Figure 8-6 shows a consistent decrease in the Thai population growth rate from 3.07 % per 
year in 1970 to 1.1 % in 1995, leading to a slower growth of the Thai population. Over the 
same period, the population increased from 36.4 million to 61.2 million, representing an 
average increase of 2 % per year, the same as that from historical data. 
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8.2.3 Summary for TEEM 9 s historical runs 
The outcome from historical runs of TEEM described and presented in Sections 8.2.1 and 
8.2.2 indicates that TEEM generates behaviour sufficiently close to and consistent with that 
actually experienced, from 1970 to 1995, to accept it as a usable model. The next section 
presents the model generated future behaviour under a "business as usual" scenario or 
reference-case scenario. 
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8.3 Reference projection 
This section develops the reference projections of TEEM, assuming no natural policies are 
changed. However, it should be noted here that in 1995 the price of energy in Thailand was 
freed from a state control and adjusted based on price of imported energy. Thus in this runs, 
from 1996 (first year of reference projection) onward, the price of energy and electricity 
were assumed to change with import price and price of local produced fossil energy. 
Moreover, due to lack of accepted methods for measuring the environmental impacts which 
result from energy production, transformation and utilisation, in the following reference 
runs, such impacts has not yet been included. 
Because TEEM has been developed to analyse long-term behaviour, it has a long span of 
simulation. Many effects both inside and outside TEEM's boundary could occur at any point 
in time during the course of simulation and this may affect the dynamics of energy, 
especially when simulating into the future. As such, the reference runs of TEEM will only 
generate an accurate outcome if 
• no important assumptions were omitted from TEEM. 
• assumptions made are largely accurate and will continue so throughout the simulation 
time. 
8.3.1 Energy balance 
Figure 8-7 A presents gross energy demand and supply obtained from TEEM's reference 
simulation. The figure depicts that, based on "business as usual" scenario, gross energy 
demand would grow continuously from 67 M toe in 1995 to 551 M toe in 2050, an average 
increase of 3.9 % annually. 
Because the usage of energy is likely to be increasingly dominated by fossil energy (detailed 
in Section 8.3.2.1) and the production of domestic fossil energy is limited (detailed in 
Section 8.3.2.3), from 2000 onward, most of demand (in the region of 50 %-98 %) would be 
met by imports. The same figure shows that the volume of imported energy would grow 
from 28 M toe in 1995 to 50 M toe in 2000 and 542 M toe in 2050, representing an increase 
of 12% per year from 1995 to 2000 and 4.9% from 2000 to 2050. 
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Figure 8-7 	Energy balance (reference projection) 
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Figure 8-7 B presents the economic effect of energy system. As energy usage would shift 
toward commercial energy especially electricity (detail in Section 8.3.2.1 and 8.3.2.2), 
capital investment in the energy sector particularly in electricity industry would grow 
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significantly from around 25 billion bahts (constant at 1970) in 1995 to 45 billion bahts in 
2000 and 894 billion bahts in 2050 (Figure 8-7 B), accounting for about 13 % and 23 % of 
capital likely to be invested in the country in the same year (2000 and 2050, respectively). 
8.3,2 Energy balance's causal mechanisms 
The dynamics of energy balance described in the previous section are heavily influenced by 
the underlying causal mechanism of TEEM's energy demand, electricity, fossil energy, 
production and population sectors. These will be described in the following sections and 
presented in Figure 8-8 to 8-12. The variables chosen for each sector's output in this run are 
identical to the preceding runs (the runs in the previous five chapters), so that each variable 
can be compared between different runs. 
8.3.2.1 Energy demand sector 
The reference projection of TEEM' s energy demand sector shown in Figure 8-8 A indicates 
that if none of assumptions on which TEEM has been based were changed, the energy 
demands of all sectors would grow continuously from their 1995 levels. This would lead to a 
continued increase in final energy demand of the country. During the course of reference 
simulation, the production sector is likely to share the highest proportion (in the region of 
42 %-62 %) of final energy demand, following by transportation sector whose growth, from 
2020 onward, is expected to decelerate due to saturation of both the population and volume 
of energy used to provide transport. The rest of energy demand will be required by the 
domestic sector, whose average rate of increase will be about 5.8 % and 2.9 % per annum 
from 1995 to 2000 and from 2000 to 2050, respectively. 
Figure 8-8 B presents the variations of final energy demand by type and shows that since 
1970 the largest proportion of energy has been consumed in the form of non-electricity 
commercial energy (direct consumption of fossil energy). The same figure also shows that 
alongside with the increased overall demand, electricity demand would grow significantly 
from 6 M toe in 1995 to 11 M toe and 117 M toe in 2000 and 2050, representing an increase 
of 13 % and 4.8 % per annum, respectively. Based on this rate of increase, by 2050 the 
projection of electricity to final energy demand would reach 29 %, 2.4 times the current 
level. 
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In 1995, traditional energy still contributed a significant proportion of final energy demand 
(28 %). However, if no new energy policies are adopted, for example one emphasising use 
of renewable energy, this contribution would decrease to only 19 % in 2000 and almost zero 
(0.2 %) by 2035. 
Figure 8-8 	Reference projection of TEEM's energy demand sector 
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The future behaviour of the energy demand sector produced by the reference runs in this 
chapter shows a considerably slower growth (3.5 % per year from 2000 to 2050) than the 
historical growth projections obtained from running individually the energy demand sector in 
Chapter 3 (4.7 % per year over the same period). This is due mainly to a slower growth in 
production output of the former than that of the latter, leading to a 25 % lower growth rate 
of energy demand in this run. 
8.3.2.2 Electricity sector 
Figure 8-9 A and B illustrates the base (reference) case of the electricity sector. It indicates 
that if electricity demand increases as presented in Section 8.3.2.1 and if no new energy 
policies are adopted, electricity generation is likely to increase consistently from 74 TWh in 
1995 to 138 TWh in 2000 and 1,505 TWh in 2050, representing an average increase of 13 % 
and 4.9 % per annum, respectively. This increase is projected to be met mostly by fossil fired 
power plants. Figure 8-9 B shows that from 1995 onward, the requirement for fossil energy 
from the electricity sector would increase significantly from 15 M toe in 1995 to 27 M toe in 
2000 and 232 M toe in 2050, representing an average increase of 12.5 % and 4.4 % per 
annum, respectively. 
Figure 8-9 	Reference projection of TEEM's electricity sector 
A. Total and peak generation and available installed capacity 
year 
PAVA 
Chapter 8: Simulations of TEEM 









___ capital required 
fuel required 











When the electricity sector was simulated separately in Chapter 4, it showed that the level of 
available installed capacity grows consistently in line with the increased peak generation. 
This creates more demand for capital investment in the electricity sector (as shown in Figure 
4-20 B). Such behaviour is also evidenced in Figure 8-9 C when TEEM was run as an 
integrated simulation. Both available installed capacity and capital requirement in 2000 
would be doubled from the current level (16 GW and 21 billion bahts). If no new policies are 
adopted to stabilise electricity demand by 2050, they would eventually increase to 289 GW 
and 894 billion bahts, a factor of 9 and 23 over the 2000 level as shown in Figure 8-9 A and 
B. 
Similar to the energy demand sector, the reference runs of the electricity sector generate 
values of variables that are significantly below the individual projection runs of the 
electricity sector presented in Chapter 4. This is merely due to lower growth in final energy 
demand resulting from the lower growth rate of the production output. 
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8.3.2.3 Fossil energy sector 
The simulation of the fossil energy sector alone in Chapter 5 indicates that production of 
domestic fossil energy has never satisfied more than 40 % of country's demand for fossil 
energy and most of supply has been met by imports. In TEEM's reference projection, the 
same thing is likely to occur in the fossil energy sector, Figures 8-10 A, B and C. At the 
point of peak production of domestic fossil energy (in 2011), it is likely to meet only 40 % of 
fossil energy required by the country. The reference simulation also indicates that after 2011, 
if the interactions of variables in the model are carried on as usual, the contribution of 
domestic fossil energy would decline rapidly, leading to a further rise in imports. Figure 8-10 
A also shows that a rapid expansion of energy imports after 2011 stems from a rapid increase 
in demand and a bell shape behaviour of domestic fossil energy production. 
Figure 8-10 Reference projection of TEEM's fossil energy sector 
A. Gross FE demand, FE imports and production 
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Figure 8-9 B shows the trend of capital investment in fossil energy production. The figure 
illustrates that capital investment in production of local fossil energy is likely to increase 
further from 3.8 billion bahts in 1995 to 27.5 billion bahts in 2013 (2 years after the 
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companies obtained from selling their produced fossil energy) is below the unregulated 
price (the price companies are willing to accept) as shown in the same figure, the capital 
investment in fossil energy would decrease significantly, leading to a further decline in fossil 
energy production. 
8.3.2.4 Production sector 
The reference run of the production sector presented in Figures 8-11 A and B generated 
outputs that are very close in behaviour to those of the individual run in Chapter 6, i.e. 
growth in production output, and output per capita are likely to occur in all economic sectors, 
especially those of industrial and service sector. Figure 8-11 B shows that if no new policies 
are adopted and all the assumptions are carried on as they were, by 2000, Thailand would be 
about 1.5 times more industrialised than it was in 1995. The industrial and service output 
available for each Thai citizen would also increase and are expected to reach 72 and 94 
thousand bahts by 2050, respectively. 
Figure 8-11 	Reference projection of TEEM's production sector 
A. Total output and its components 
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8.3.2.5 Population sector 
Based on the current population policy aiming to reduce population growth rate, the 
reference simulation of population sector presented in Figure 8-12 shows that the population 
of Thailand would reach 64.3 million in 2000 and is expected to grow further at the average 
rate of growth of 0.57 % per year (from 2000 onward), reaching 85.6 million by 2050, 
almost equal to population growth in the individual run (Chapter 7). 
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8.3.3 Summary for TEEM's reference projection 
The reference projections of TEEM's energy sector (energy demand, electricity and fossil 
energy) have produced results (shown in Figures 8-8 to 8-10) that are considerably below 
those from the projections based on unmodified historical growth rates (detail in Chapter 3 to 
5). Such growth rates cannot be maintained in practice and so it is not surprising these results 
are considerably higher than those from reference projections. 
The reference projections indicate that if no new actions are taken, during the course of 
simulation, gross energy demand is likely to increase consistently while production of energy 
is expected to decrease (due to resource depletion). By 2050, Thailand would come to almost 
entirely (98 %) depend upon foreign energy sources. Moreover, due to an increase in 
demand especially in the form of electricity, the capital required for energy investment is 
likely to rise significantly, leading to a significantly increased proportion of energy capital 
to total capital available in the country. 
The long-term nature of TEEM and the uncertainty in the validity of assumptions increase 
the possibility of inaccuracies. In addition TEEM is intimately bound to the economic 
system whose behaviour varies with numerous local and external factors both social, 
political and economic (e.g. political upheavals, the national, regional or global economic 
crises, etc.). The wide scope of and complicated relationships between these factors make it 
impossible for TEEM to include them all in the present model, given time and data 
constraints. 
The results from the reference projections of TEEM do not give precise predictions and 
should therefore be viewed as benchmarks which are likely to occur in the future if 
conditions and policies are not changed. They provide the bases for quantitative comparisons 
of different policy options, such as those presented in Section 8.5. 
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8.4 Sensitivity test 
Several parameter values of TEEM's (Table 8-1) are arbitrarily specified or crudely 
estimated and may be subject to errors. To reduce the possible errors, it is necessary to test 
the sensitivity of TEEM to changes in these uncertain parameters. This section describes and 
discusses these sensitivity tests. 
Figure 8-13 A and B illustrate levels of energy import, in 2010 and 2050, obtained from 
running TEEM on different values of nine parameters likely to be subject to inaccuracies 
described earlier. The value of these parameters were between 50 % lower and higher than 
their original levels (used in reference run) as listed in Table 8-1. 
Table 8-1 	Parameters on which TEEM's sensitivity tests were made 
Item Parameter Low Reference High Unit 
P1 Initial industrial capital 39,900 79,800 119,700 million Bahts 
P2 Industrial capital to output 1.1 2.2 3.3 - 
ratio 
P3 Fraction capital allocated 0.05 0.10 0.15 - 
to agriculture 
P4 Industrial capital lifetime 17.5 35 52.5 years 
PS FFPP lifetime 12.5 25 37.5 years 
P6 FE initial reserve 737,077 1,474,155 2,211,232 ktoe 
P7 FE capital lifetime 10 20 30 years 
P8 FE initial capital 37.3 74.6 111.9 million bahts 
P9 FE capacity to capital 0.9 1.8 2.25 ktoe per 
ratio million Bahts 
Figures 8-13 A and B show the influence of parameter changes on the numerical value of 
energy imports at certain points in time (20 10 and 2050 respectively). In general there 
appears to be little significant variation of level of energy imports when testing with high and 
low values of different parameters. 
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Figure 8-13 	TEEM's sensitivity tests: model generated results 
Energy import sensitivity, 2010 
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For the parameters that give the highest disparity between their varied values (parameter 1 
and parameter 2 shown in Figures 8-13 A and B), sensitivity tests have been examined in 
more detail and the outputs are shown in Figures 8-14 and 8-15. 
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Figures 8-14 and 8-15 illustrate the levels of energy import obtained from the sensitivity test 
on TEEM's parameter values - "initial" industrial capital and industrial capital-to-output 
ratio, respectively. Figure 8-14 indicates a consistent behaviour pattern of energy imports 
through time, while the differences in Figure 8-15 are more significant. However, since 
differences do not appear for around 30 years, it was felt that the values should stand. Tests 
of energy policy alternatives are carried out and discussed in the next section. 
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8.5 Policy analysis with TEEM 
The most important characteristic of TEEM is its ability to analyse the effect of changes in 
policies and related factors. TEEM' s structure models the investment, production and 
consumption policies and other conditions of both energy and economic production that 
influences the dynamic behaviour of Thailand's energy system. It is therefore possible to 
change these model policies by changing relevant variables to test the effectiveness of policy 
or condition changes. 
In this section, three different conditions including energy policy have been modified to test 
their impacts on energy dynamics. These conditions are listed in Table 8-2 and will be 
described in the following sections. The output of each simulation will be presented by the 
major key factors of TEEM (gross energy demand, energy production, energy imports, 
capital required to obtain energy and energy capital to total capital) over time, so that it 
would be possible to compare the effectiveness of each change relative to the reference 
projection. 
8.5.1 Energy policy 
Energy policy has long been formulated and incorporated into the country's national 
economic and social development plans. As mentioned earlier, the energy shortage was not, 
in the past, an issue that the country had to consider. The policy formulated during those 
periods was, more or less, dedicated to powering the country's economic growth and to 
make energy available and accessible for most of citizens of the country. Energy system 
expansion (supply side management) and low energy prices, were the prime targets that 
energy planners and operators pursued. 
The increased difficulty in providing sufficient energy to meet demand, resulting from 
insufficient energy sources, domestic capital constraint and increasing environmental 
concerns, has forced recent energy policies to include aspects of demand side management. 
To this end the government has embarked on a comprehensive Energy Conservation 
Program, adopting the Energy Conservation and Promotion Act in 1992. 
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Table 8-2 	List of changes in simulation condition and policy 
Condition or policy 
changes 
Policy descriptions TEEM's parameter 
change 
Energy policy: Long-term price elasticity of energy - industrial EDMFEP 
accelerated demand in industrial, transportation - transport EDMFEP 
conservation and domestic sectors increases by 25% - domestic EDMFEP 
programs from the elasticity specified in the 
reference run. 
External factor: Energy policy was supplemented by - industrial EDMFEP 
Combined energy increased import price which is - transport EDMFEP 
policy and increased assumed to increase at the rate of 3 % - domestic EDMFEP 
energy-import price per year after 2000. - FE imported price 
Economic factor: Capital available for investment - desired capital 
modest economic increases only 2.5 % per year after investment 
growth 2000, leading to lower economic 
growth compared to the standard runs 
The test of energy policy's effectiveness described in this chapter will be made only to the 
policies aiming to reduce growth of Thailand's energy demand. This is because of as follow: 
A profile of Thailand's energy balance indicates lower contribution of domestic 
production to total supply. As a country which is not rich in energy resources (especially 
fossil energy), it is unlikely to manage energy supply by increasing significantly the 
level of production. 
• Thailand is an open market economy. The production of local energy (mostly operated 
by private and foreign firms) depends upon market mechanisms which are based on price 
of energy imports. The impacts of increasing price of energy imports will be tested and 
described in Section 8.5.2. 
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8.5.1.1 Energy demand policy accelerated conservation measures 
In response to energy demand policy, two fundamental measures have been implemented: 
• a pricing measure aiming to deregulate energy price and adjust the price structure, 
• energy conservation measures to speed up the implementation of the demand side 
management program and the energy conservation as stipulated in the Energy 
Conservation Promotion Act, 1992. 
The pricing measure has already been included in TEEM's reference structure, where after 
1995, the price of energy in TEEM was specified (in the model) to change with price of 
energy imports and domestic produced energy. As such, for the test of effectiveness of 
energy demand policy to be presented in this section, only those relating to conservation 
measures will be pursued. The test was done based on the assumption that after 2000, the 
promotion of energy efficiency will be carried out more intensively. The aggregate effect of 
the conservation measures will be modelled in TEEM as an increase in price elasticity of 
energy demand by 25 % in all energy consuming sectors, represented by shifts of values of 
industrial, domestic and production EDMFEP as shown in Figures 8-16 A and B. 
Figure 8-16 	Shift of price elasticity of energy demand 
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8.5.1.2 Effectiveness of energy demand policy 
8.5.1.2.1 Energy balance 
The test of energy demand policy adopting accelerated conservation measures (Figures 8-17 
A and B) indicates that if the policy is installed with no changes of other factors (i.e. the 
capital available for investment grows at 5 % per year, energy price based on imported price 
grows at around 1 % per year, etc.), the gross energy demand in Thailand would continue to 
increase from 67 M toe in 1995 to 495 M toe in 2050, an average increase of 3.7 % per 
annum and a slightly lower than that in reference projection (3.9%). 
Based on the same policy, Figure 8-17 A shows that a little change would occur with 
domestic energy production and so would its contribution to energy balance. By 2050, 
although imported energy (487 M toe) would be expected to be about 10 % lower than that 
of the reference run (543 M toe), its share in gross energy demand would still be considered 
to be very high (98%). 
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8.5.1.2.2 Economic effect 
Figure 8-17 B shows that if growth in energy demand decreases, the capital requirement of 
the energy sector would fall (as a result of slower growth in investment in both new installed 
capacity and fossil energy production), leading to a smaller proportion of energy capital to 
the country's total capital (21 %) when compared to that of the reference run (23 %). 
The test of energy demand policy described above indicates the degree of effectiveness of 
government intervention (on energy conservation) on the country's energy balance. It points 
out that based on this policy alone, the Thai energy system would still be far from self 
sufficient (98 % of energy demand is expected to come from imports). Although volume of 
energy demand is likely to decrease about 5 %- 10 % each year from the reference 
projection, its average growth rate is still high (3.7 % per year from 1995 to 2050). 
Figure 8-17 	TEEM with accelerated conservation policy 
A. Gross energy demand, energy production and imports 
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8.5.2 External factor 
8.5.2.1 Combined accelerated conservation policy and increased energy-import 
price 
The previous test gave results indicating how significant government intervention alone 
would affect the energy system. In this section the government intervention was further 
supplemented by increased energy-import price, leading to an increase in incentive for 
energy consumers to accelerate usage of energy efficient strategies. 
In TEEM's reference simulation, the price of energy imports was assumed to increase at 1 % 
per year from 1995 onward. In this test the energy-import price was assumed to increase 
further to 3 % per annum after 2000. The outcome from the test is shown in Figures 8-18 A 
and B. 
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8.5.2.2 The effect of combined accelerate conservation policy and increased 
imported price 
8.5.2.2.1 Energy balance 
Figure 8-18 A and B shows that when energy demand policy - accelerated conservation 
measures outlined in Figures 8-17 A and B - is combined with increased imported price, the 
country's energy system behaviour is changed in the following way. 
The average growth rate of gross energy demand would decrease from 4.1 % per year during 
the period of 2000-2010 to 3.0 % and 2.2 % per year for the period of 2010-2020 and of 
2020-2030, respectively. After 2030, due to continued growth in production output, the 
energy demand would resume its average growth rate, increasing to about 2.4 % per year for 
the last 20 years of simulation (from 2030 to 2050). Based on these rates of growth, gross 
energy demand of the country would reach 410 M toe in 2050, about 17 % less than the 
previous test of energy demand policy alone. 
Domestic energy production seems not to be significantly influenced by increased price of 
imports, since the volume of energy production would continue to decline rapidly (due to 
depletion of energy resources) after its peak in 2012, the same year as the previous policy 
test and a year after that of reference run. Because increased price of imports provide greater 
incentive for companies to increase investment in energy production, from 2026 to 2038, the 
volume of local produced energy is likely to be about 8-16 % higher than the base case and 
previous energy demand policy run. 
Based on changes in energy demand and production described above, the level of energy 
import would continue to increase from 28 M toe in 1995 to 403 M toe in 2050, an average 
increase of 5 % per year. 
8.5.2.2.2 Economic effects 
In TEEM, the price of domestically produced fossil energy was assumed to change with the 
price of imports. If imported prices increase, the price of locally produced fossil energy 
would increase accordingly, leading to a higher rate of return on investment and increased 
revenue, and eventually increased investment in fossil energy production. It was found that, 
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based on combined energy demand policy and increased price of energy imports, the 
amount of capital invested annually in fossil energy production during the period of 2013-
2034 would be significantly higher than that of the reference projections and previous energy 
demand policy tests. 
Most of the capital investment in the energy sector (more than 70 % over the simulation 
period) is likely to be used for building power plants rather than producing fossil energy. 
Although the amount of fossil energy capital would continue to increase for a certain period 
(described above), this would be offset by an even more rapid decrease in capital investment 
in the electricity sector (due to the decrease in the electricity demand). The test indicates that 
based on the scenario of combined energy demand policy and increased imported price the 
level of capital investment in the energy sector, during the period 2000-2024, would increase 
at almost the same rate as that of the previous energy demand policy run. After 2024 this rate 
of increase would however relatively slower (when compared to that of the previous runs) as 
shown in Figures 8-17 B and Figure 8-18 B. 
Figure 8-18 TEEM with combined accelerated conservation policy and increased 
imported price 
A. Gross energy demand, energy production and imports 
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TEEM's policy analysis, based on combined accelerated conservation and increased 
imported price, generates results that seem to be rather pessimistic. This can be explained as 
follows. 
There is an interconnected relationship between energy and the economy. Changes in either 
the former or the latter will affect each other. TEEM's structure models closely the impact of 
economic changes on the energy system (such as energy demand changes with economic 
structural change). However, at present, the impact of energy system changes on economy 
(such as the impact of increased imported price on growth in the economy) has not yet been 
modelled thoroughly. In TEEM, the impact of the energy system on the economy is 
indicated by the level of capital investment in the energy sector. Increased import price 
would affect the level of capital investment as shown in the test, and thereby affecting 
growth of the economy. This may however be considered as only an indirect impact. The 
direct impact of import price on the economy (increased import price leading to an increase 
in cost of production and possibly serious inflation thereby decreasing economic growth) has 
not yet been modelled in TEEM. The omission of direct impact of increased imported price 
on economy may lead to a possible overestimate of output growth and make the projection of 
energy demand and energy imports in this run (combined energy demand policy and 
increased imported price) rather exaggerated and pessimistic. 
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Although TEEM does not include the direct impact of increased import prices on economy 
and consequent effects on the dynamics of energy, this chapter includes the results of a test 
of economic changes on the energy system, as described in the next section. 
8.5.3 Economic factor 
The energy sector of TEEM has been intimately bound to economic activities. Changes in 
either size or structure of the economy would influence significantly the dynamics of the 
energy sector. In this section, this change has been tested. 
8.5.3.1 Modest economic growth 
The impacts of modest economic growth on energy system's behaviour was tested based on 
the assumption that, from 2001 onward, the capital available for investment in the country 
will grow at only 2.5 % annually (instead of 5 % per year as was assumed in the reference 
projection). It should be noted here that although this figure is unlikely to be accepted by 
either energy or economic policy decision-makers, the recent economic recession in 
Thailand has provided evidence that this figure is possible. The outcome of TEEM's 
simulation under the circumstance of economic recession has been shown in Figures 8-19 A 
and B. 
8.5.3.2 The effects of the economic factor 
8.5.3.2.1 Energy balance 
Figure 8-19 A shows the impact of economic recession on energy balance. At a rate of 
capital growth of 2.5 % per year from 2001 to 2050, the level of gross energy demand is 
likely to grow continuously but at a significantly lower rate (2.9 % per year from 1995 to 
2050). In 2050, Thailand's gross energy demand is expected to reach 317 M toe, 42 % lower 
than that of the reference projection. 
TEEM fossil energy production is partly determined by the level of fossil energy demand 
especially that for electricity generation - the major user of fossil energy produced locally. 
As fossil energy used for generating electricity would decrease as a result of declined 
electricity generation, so does the fossil energy production, leading to a remaining high 
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proportion of energy imports. The same figure shows that although the level of energy 
demand and imports under economic recession are lower than all previous runs, the 
proportion of imported energy to total energy used in the country accounts for 98 % of the 
total energy demand in 2050. 
Figure 8-19 TEEM under the circumstance of economic recession 
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8.5.3.2.2 Economic effects 
Figure 8-19 B shows the economic effects of energy demand. At a rate of demand growth of 
2.9 % per year from 1995 to 2050, capital investment in the energy sector would grow from 
25 billion bahts in 1995 to 316 billion bahts in 2050, representing an average increase of 
4.7 % per annum, lower than the previous tests. Because capital investment in the energy 
sector increases at a higher rate than total capital investment in the country, by 2050, its 
share is expect to increase to about 27 % of total capital investment in the country. 
8.5.4 Summary of TEEM's policy analysis 
The results from policy analysis with TEEM shown in Figures 8-17 to 8-19 and those 
summarised in Table 8-3 and Figure 8-20 indicate that the accelerated conservation policy 
alone would have some impact on the energy system. If the condition of increased energy-
import price is combined with an accelerated conservation policy (implying both pricing and 
conservation strategies to be pursued), the behaviour of the energy system is likely to 
improve significantly especially during the years 2020-2030. Among the different 
conditions, it was found that change in economic growth is likely to have the highest impact 
on the energy system's behaviour. Based on low growing economy scenario, Figures 8-20 A 
and B shows that energy system's key factors, such as imports and energy capital would 
grow at the lowest rate when compared to those based on the accelerated conservation policy 
and to those based on the combined conservation policy and increased import price. 
The results from TEEM's policy analysis also points out that, although the volumes of 
energy demand under policy-change scenarios are likely to be lower than that from the 
reference run, the proportion of energy import to total energy demand of the former would 
remain at a similar level as the latter. Indeed, due to limitation of local energy resources 
which leads to limitation of production capacity, imported energy would continue to play a 
crucial role in Thailand's energy system. All policy runs indicate that, by 2050, about 98 % 
of the country's energy requirement are likely to be met by imports. 
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Table 8-3 	Summary of TEEM's policy analysis 








-Gross energy demand 551 495 410 317 
(average increase, in %, from (3.9) (3.7) (3.3) (2.9) 
1995 to 2050) 
- production in 2050 8 8 7 7 
(% of total demand) (1.5) (1.6) (1.7) (2.2) 
-imports in 2050 543 487 403 310 
(% of total demand) (98.5) (98.4) (98.3) (97.8) 
Economic effect 
- Energy capital (billion bahts) 894 799 618 316 
(average increase, in %, from (6.7) (6.5) (6.0) (4.7) 
1995 to 2050) 
- Energy capital to total 23 21 16 27 
capital (%) in 2050 
Here it should be emphasised again that the goal of building TEEM was not to justify 
policies but to help decision makers to understand what policies work and why. the ability of 
TEEM to test different options and to compare the effects of different policies offers 
decision makers a unique tool to assess the effects of policy changes on the energy system 
and what can be done to identify and avoid problems in the future energy strategy of 
Thailand. 
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8.6 Chapter summary 
The simulations of TEEM (historical runs) provide results, especially in the pattern of 
behaviour, that is accurately represent Thailand's experience in the energy sector. Although 
TEEM is unable to project the future with the same high precision, the reference projection 
of TEEM gives a basis for comparison and a benchmark of quantitative data. 
The tests demonstrate how policy alternatives can be tested by TEEM. As mentioned earlier, 
TEEM is not designed to make decisions on energy policy itself, but to help policy makers 
investigate likely impacts of the policies on the energy system. Here TEEM has 
demonstrated its ability to do just that. The results obtained from TEEM's different 
simulations provide information on which policy decisions can be made to improve 
problematic behaviour occurring or likely to occur in Thailand's energy system. 
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In the previous chapters, issues related specifically to the structure and components of 
TEEM as well as the simulation results were discussed. In this chapter, general findings from 
building TEEM are reviewed, leading to a set of conclusions and recommendations in 
Sections 9.2 and 9.3 respectively. 
9.1 Discussion 
9.1.1 Achievement of the research 
The principle objective of this study was to analyse the dynamic behaviour of the energy 
system in Thailand and build a model that can be used as a tool to help Thai policy makers 
assess the effectiveness of possible alternative energy policies. To the best of the author's 
knowledge, no such study has been made before in Thailand or in any country in this 
geographic region with characteristics similar to Thailand. 
Because the model is intended to be used as a tool to help the policy makers, two criteria 
have to be met. First, the model had to be simple and easy to understand, as Hannon and 
Ruth in Dynamic Modelling 122  stated that: 
"It is an elementary pre-principle in modelling that one should keep the model simple, 
even simpler than one knows the cause-and-effect relationship to be, and only grudgingly 
complex fy the model when it does not produce the real effects. After all, it is not the goal 
to develop models that capture al/facets of real life systems. Such models are useless 
because they are as complicated as the systems we wanted to understand in the first 
place ". 
Secondly, the model should represent historically Thailand's energy system and be able to 
project the system's long-term behaviour under different policies and conditions. 
The presentation and discussion in the previous chapters indicated that TEEM is a large and 
complex model (which consists of five sub-models). However, because it was structured by a 
graphical programming language (STELLAII which allows users to test alternative scenarios 
or policies by simply changing model parameters or structure) TEEM is simple for the users 
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to operate. Moreover, results from the simulation runs are displayed in graphical formats, 
they are thus easy to understand and easy to compare with those from policy tests. 
The historical runs of TEEM generate values of past behaviour which are generally within 
5 % of the corresponding actual values, thus the representation achieved is sufficiently 
accurate for the model to be of use and TEEM can represent the energy system of Thailand. 
TEEM' s reference projections generate outcome that is subject to the uncertainty of 
assumptions and condition changes caused by many factors discussed later in 9.1.2. 
However, it has value as a benchmark, providing a means for assessing long-term 
consequences of current energy policies and thus testing and establishing possible alternative 
policies. 
9.1.2 Research constraints 
Two features of TEEM are that it dose not represent exactly historical performance and its 
projections are subject to uncertainty of assumptions and condition changes. These are 
caused by a few constraints summarised as follows: 
9.1.2.1 Constraint caused by nature of energy system itself 
The structure and relations of components within and outwith Thailand's energy system are 
complex. To build a simple model (as required by the first criterion discussed earlier) to 
represent such a complex structure and relationships, some assumptions had to be made to 
concentrate only on the broader issues of the energy system. 
9.1.2.2 Constraint caused by nature of the model 
The long-term nature of TEEM (80 years of simulation time) causes difficulty in predicting 
precisely because factors may change with time. As mentioned earlier, TEEM would 
produce exact results only if 
no important assumptions were omitted from TEEM. 
assumptions made are largely accurate and are continued to be so throughout the 
simulation time. 
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9.1.2.3 Constraint caused by insufficiency of available data 
The interrelationships between components within and outwith the energy system are 
complicated and are almost impossible to translate into exact empirical functions. 
To confirm the empirical functions used in TEEM, both time-series and cross-sectional data 
were needed. Due to the insufficient data and lack of previous studies, it was difficult to 
explore and examine thoroughly the interrelationships between variables or to measure the 
magnitudes of the influences. Several important factors possibly influencing the Thai energy 
system, such as environmental factors, were not included in the present TEEM again because 
of lack of available data. 
9.1.2.4 Recent changes in Thailand 
During the course of study a number of significant changes occurred in Thailand's energy 
and other systems. These changes would possibly affect future directly or indirectly the 
supply and usage of energy. The variables in TEEM were modified to reflect the changes 
wherever possible. For example from 1996 onwards price of energy and electricity in TEEM 
were assumed to change with import price and price of local produced fossil energy. This 
modification was done to reflect the change in the structure of the country's energy price 
which was freed from state control in 1995. 
While change in Thailand's energy price structure was modelled in present TEEM, the 
country's recent economic difficulty was not. The only change made in TEEM to respond to 
the economic difficulty is the modification of the production sub-model's desired capital, the 
rate of increase in which was modified from 6 % during the period of 1991-1996 to 2.5 % 
from 1997 to 2000 and to 5 % thereafter. There was no other change made to the structure of 
the production sub-model because the economic recession has not yet provided sufficient 
clear evidence, stable enough to be quantified and included in the present model. These 
would affect the future projections of TEEM. 
However it should be noted here that TEEM is a model with long-term emphasis. Any short-
term system fluctuations would be smoothed by long-term nature of TEEM. If Thailand's 
economic growth is resumed (back to the rate of about 5 % per year which is assumed in 
TEEM) within a short-term period (in the region of 5-10 years as expected by TDRI 98), the 
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recent economic recession in Thailand would certainly affect the short-term projections of 
the energy system's behaviour. For long-term projections, TEEM will still generate results 
that are considered to be accurate enough to be used as a benchmark. 
9.2 Conclusions 
An increase in difficulty in supplying sufficient energy to meet demand and a rising pressure 
from capital shortage and energy related environmental problems have prompted the Thai 
government to put intensive effort into focusing Thailand's national energy policy on 
stabilising growth in energy demand while increasing production capacity of local energy. A 
number of energy policies aiming to serve this effort has been proposed and some have been 
implemented. These policies are for example, 
adjustment of energy price to reflect its real economic cost. 
establishing energy conservation programs aiming to stabilise growth of energy demand 
at a certain rate. 
• amendment to petroleum laws to attract more investment in petroleum production. 
It has been argued that the long delay and complexity underlying dynamic behaviour of the 
energy system often makes it difficult for Thai policy makers (who have to face day to day 
problems) to investigate long-term effects of proposed energy policies on the Thai energy 
system, thereby delaying decisions and actions. 
Supported by advances in computer and software technology this study has produced a 
model of Thailand's energy system called TEEM whose primary use will be as a tool to help 
policy makers assess the long-term effectiveness of alternative energy policies and thereby 
ease related decisions. 
By employing system simulation techniques and using the STELL II graphical programming 
language, TEEM abstracts the complexity underlying the Thai energy system and translates 
it into an apparently simple simulation model containing all the important components and 
features of an energy system. Key elements in the energy system i.e. energy demand, 
electricity, fossil energy, production and population sectors were formed as five sub-models 
in TEEM: energy demand, electricity, fossil energy, production and population sub-models, 
working together to influence the energy balance of the country. 
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TEEM's historical runs (runs from 1970 to 1995) generated behaviour that proved to be 
comparable to the country's past experience with energy sector. The sensitivity tests of 
TEEM also produced outputs confirming that TEEM is not oversensitive to changes in 
values of significant parameters. Based on these two tests, a confidence in the validity of the 
model was established to produce values and patterns of future behaviour to be used as a 
means assessing long-term consequences of energy policies and policy alternatives. 
The reference runs of TEEM indicated that, with no redirection in energy policy in the long-
term, Thailand would come to rely even more extensively on imported energy. Local energy 
production would never satisfy the country energy demand since it would peak in early 
2010s and decline thereafter. For the economic effects of rising energy demand, the runs 
demonstrate a continued increase both in capital investment in energy sector and its share of 
total investment of the country. 
In this study, three major factors including energy policy programme were tested by TEEM. 
They are the: 
• accelerated conservation programme, 
• combined accelerated conservation and increased energy-import price (which would 
indirectly accelerate both domestic energy production and efficient use of energy) 
• modest growth in production output (representing a stabilised energy demand) 
Although these do not cover all policy implications, they provide examples to demonstrate 
how alternative policies can be analysed and tested with TEEM. The outcome from the tests 
is summarised as follows: 
the policy tests provide evidence to conclude that based on current projections there is no 
easy solution to Thailand's energy problem; 
both accelerated energy conservation programs and accelerated energy conservation 
complemented by increased import prices would have little effects on the behaviour of 
Thailand's energy system over the next 55 years. Under these two policy programs, TEEM 
projects a continued increase in energy imports to 2050. Such import dependence is caused 
by the continued growth in energy demand resulting from persistent growth in production 
outputs and by the low level of domestic energy production (due to limitation of local 
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energy resources). Under both of these scenarios, the capital investment in energy sector 
would continue to increase but at a slightly lower rate. 
The tests also indicate that even under the modest economic growth (stabilised energy 
demand), it is unlikely that the level energy import can be maintained at or below 70 % of 
the total energy consumption (the import target set in the national energy development plan 
for period 1997-200 1). Because domestic production mainly supplies fuels for power 
generation, when demand for electricity decreases, domestic fossil energy production 
(mainly gas and lignite) would also decrease, leading to a continued reliance on energy 
imports (mainly oil and oil products). 
9.3 Recommendations for future work 
TEEM consists of five sub-models. Each sub-model represents a group of activities 
interacting with each other in the Thai economy. The sub-model alone comprises a 
significant numbers of model variables, not mentioning their relationships. Because of this 
composition and long-term nature of TEEM, the study requires a considerable number of 
data series to be able to trace statistically their trends and relationships with others. The lack 
of data has meant that in some respects, the improvement of TEEM ability as a decision 
support tool could be made by modifying TEEM's structure itself or by carrying out 
complementary researches, as follows: 
9.3.1 Incorporating more detail into the model 
For simplicity and in absence of data, TEEM has been constructed in a very highly 
aggregated format. Several parts of TEEM have omitted detail which could be included if 
data and time is available in the future. These are for example, 
. dis-aggregating fossil energy by types. 
. dis-aggregating power generation by types of fuels 
including commercial renewable energy such as utilisation of solar or wind energy 
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The advantage of incorporating such detail into the model would be not only that a higher 
accuracy could be achieved, but also that users (policy makers) would be able to investigate 
in more detail in a particular issue such as the different fuel options for power generation. 
9.3.2 Future research to be carried out to strengthen TEEM's 
feedback mechanisms 
Several major feedback mechanisms have been included in TEEM and the ability to simulate 
most variables endogenously within the model has been of particular concern in the building 
of TEEM. However, in absence of data and due to time constraints, not all such loops have 
been included. Future research could accordingly be carried out in the following areas: 
investigation of a feedback mechanism between increased volume of energy imports and 
the economy, 
. identification of a feedback mechanism between accelerated energy conservation 
programmes (in terms of their cost) and growth in economy, 
• examination of the impacts of environmental degradation on energy production and 
economic growth, 
o provision of a feedback mechanism between economic factors (such as production 
output, output allocation and debts incurred from imported capital) and the total capital 
available for investment and capital imports 
The advantage of the incorporation of such feedback mechanisms would be that TEEM 
would be able to capture more realistically the effects of changes in the economy on energy 
demand and vice-versa and this would in turn improve the ability of TEEM as a decision-
support tool. 
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9.3.3 Future research to be carried out to support the specification of 
TEEM's parameters and empirical functions 
In TEEM, several parameter values and empirical functions were set based on historical data 
while some were set arbitrarily and taken directly from previous research carried out in 
different countries. Although TEEM's sensitivity tests have shown that the uncertainty of 
such parameter values have insignificant effects on TEEM's behaviour, to have new values 
and empirical functions based on either scientific or socio-economic research would increase 
TEEM's confidence. These values and function are for example: 
• industrial and service capital to output ratio; 
• fossil energy capacity to capital ratio; 
the empirical relationship between fractional capital allocated to service sector and 
service output ratio. 
9.3.4 The effect of independent power production (IPP) programme 
and the privatisation of the power sector 
During the period of study, the Thai government has initiated an IPP program that has been 
partly implemented. The privatisation of power industry also has been initiated and 
undertaken. Both these programmes were adopted to encourage market mechanisms and to 
increase, to some extent, an efficient use of energy in the country. Above all the hope is to 
reduce the Thai government's economic burden incurred as a result of capital investment in 
power industry. As TEEM hasn't yet included these two programmes in its structure, future 
research may be carried out in incorporating IPP and power sector privatisation programmes 
into the structure of TEEM. 
9.3.5 The effect of changes in other sectors 
The energy sector of TEEM has been intimately bound to economic activities. Thus any 
change in economic activities will have a profound effect on the dynamics of the energy 
system. Indeed, the economic sector (the production sector) in TEEM play a crucial role in 
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determining both the size and pattern of the energy demand in TEEM representing the future 
demand in Thailand. However, its structure has not yet been modelled thoroughly. Several 
factors (such as national debt and unemployment rate) crucial to economic change were 
excluded from TEEM (due mainly to time and data constraints and partly to avoid over 
complexity of the model). Future research could be carried out in the areas of energy and 
economics. The collaboration of the different researchers on a combined energy-policy based 
model evolved from TEEM would produce more accurate output and therefore a more useful 
model of Thai society as a whole. 
9.4 Chapter summary 
The current energy situation in Thailand demands that there is an urgent need for the country 
to discuss, investigate and make decisions about the future directions and development of 
energy demand and supply for the country. TEEM was formulated with the primary aim to 
rapidly investigate the effectiveness of alternative policies and therefore was proposed as a 
tool to support the energy policy decisions. 
TEEM was structured to take account of all important aspects related to the Thai energy 
system and thus has been able to reflect successfully the underlying causes of the system's 
behaviour. Despite TEEM's size and complexity, the graphical programming language 
(STELLAII) employed makes it simple to operate, enabling alternative policies to be easily 
tested and compared. It is hoped that by using TEEM more sound policies can be identified 
and eventually implemented to avoid problems in the future energy strategy in Thailand !!! 
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Appendix 1: Unit capital cost of power plants 
Table Al-1 	Unit capital costs of power plants estimated by EGAT 55 (price in 1990) 
Technology Typical size 
(MW) 
Unit capital cost 
(baht/kW) 
Coal 
Imported coal - FBC 700 18,613 
Imported coal - FBC 1000 17,987 
Lignite - FBC 150 28,632 
Gas 
Thermal 1000 13,816 
Combined cycle (CC) 300 13,066 
Imported-CC 600 12,933 
LNG-CC 600 12,933 
Oil-Thermal 700 14,286. 
Diesel-gas turbines 100 11,870 
Pumping Storage - 10,015 
	
Note: FBC - 	fluidised bed combustion 
LNG - 	liquified natural gas 
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Appendix I: Unit capital cost ofpower plants 
Table A1-2 	Capital cost of power plants likely to be invested by EGAT in the 
future 55  (price in 1990) 
Technology Typical size 
(MW) 
Unit capital cost 
(baht/kW) 
Coal 
with FGD 300 38,059 
with FGD 500 33,441 
with FBC 200 42,749 
with FBC 80 47,675 
IGCC 500 39,386 
Natural gas 
Gas turbines 80 11,463 
Combined cycle 225 14,092 
Fuel Cells 2-100 32,210 
	
Note: FGD - 	flu-gas desulfurisation 
FBC - 	fluidised bed combustion 
IGCC - 	integrated gasification combined cycle 
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Appendix 2 :Estimated FFPP unit capital cost 
Unit capital cost of FFPP capacity is calculated by transferring the original capital costs 
shown in column 2 in table A2-1 into the capital costs measured in Thai currency constant at 
1970 price. Because the capital per unit capacity in TEEM refers to capital cost of power 
station plus that of transmission system, the figure in column 3 was multiplied by estimated 
transmission capital cost multiplier to obtain the total capital cost for each simulation period 
shown in column 4 and 5. 
Laughton' 23  has pointed out that the total cost of transmission system can account for up to 
half the capital cost. In TEEM, due to lack of available data on unit cost of transmission 
system (transmission cost of each MW capacity), the transmission capital cost multiplier was 
arbitrarily set at 1.1 or 10 % of capacity capital cost. 
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Appendix 2: Estimated FFPP unit capital cost 
Table A2-1 	Capital per capacity of FFPP 
Sources of data Original unit Adjusted unit Adjusted unit Simulation 
capital cost capital cost cap. cost inc. period 
transmission 
facilities*  
Hass cited inNaill 150 $/kW 3.1 3.4 1970s 
Dorg' 2 ' 400 $/kW 4.3 4.7 1980s 
Intarapravich (table 20 million 
A1-1) bahtlMW 5.2 5.7 1990s 
Intarapravich (table 30 million 
Al-i and Al-2) bahtlMW 7.8 8.6 2000s 
Intarapravich (table 45 million 11.7 12.8 2010s 
A1-2)" bahtIMW 
Note: 
* Unit: 1970 million bahts/MW. The exchange rate (in 1970) = 20.8 bahts per 1.0 
US$ and deflator for year 1990 (constant at 1970) = 3.85 
# Based on the assumption that new fossil-fired power plants will rely on Lignite-
fired with FBC and Gas-CC technologies 
+ Based on the assumption that new fossil-fired power plants will rely on Gas-CC 
and Coal-FBC 
II Based on the assumption that new fossil-fired power plants will rely on Coal-FBC 
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APPENDIX 3: "normal" FE Capacity to Capitall Ratio 
Capital investment in different regions have different levels of capital effectiveness. The 
variation of the FE capital effectiveness is, for example, dependent upon a number of factors, 
such as the technologies used in exploration and production of fossil energy or the size of 
potential reservoirs. Table A3-1 present the values of oil and gas exploration effectiveness 
estimated by James 125 . Data in the table indicates that in 1980, oil and gas exploration in the 
Asian oil importing countries (e.g. Thailand) is about 3.6 times effectiveness than that in the 
U.S. region. 
Table A3-1 	Exploration effectiveness, 1975-82 
Regions million barrels 
per well 
Million barrels of oil 
equivalent per well 
1980 US$/barrel 
of oil equivalent 
United States 0.21 0.47 5.72 
North Sea countries 3.33 10.98 2.31 
Middle east OXDCs 143.56 189.50 0.11 
Asian OXDCs 5.59 12.34 0.68 
Asian OlDs 3.70 8.06 1.57 
Asia 32.42 46.28 0.26 
Africa 11.29 13.73 0.86 
Latin America 13.58 18.01 0.41 
OXDCs : oil exporting countries 
OIDCs : oil importing countries 
In TEEM, the 1970 value of fossil energy capacity to capital ratio is estimated based on the 
capital to output ratio estimated by Naill 65  ( 0.5 E6 BTU/US$-year) which is equal to 0.6 
ktoe/1 million bahts-year in 1970 (the exchange rate was 20.8 bahts per 1.0 US$ and 1.0 toe 
equals 40.047E6 BTU). However, due to the variation of FE capital effectiveness mentioned 
above, the capital effectiveness in TEEM is set at 1.8 ktoe/million baht-year, 3 times that 
used by Naill. 
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Appendix 4: Estimated MO FE capital 
The initial value of FE capital is calculated by STELLA II, based on historical data and a 
number of assumptions as follows: 
All FE development-projects conducted before 1970 were funded by the Thai 
government. And there was no significant investment in fossil energy before 1961. 
The calculation is based on the DEDP's data  during the period of 1961-1969 and on the 
assumption that the investment in fossil energy sector in the country roughly during the 
same period was about 1% (about 7 and 15 million bahts per year for the period of 1961-
66 and 1967-69, respectively) of total government expenditure on the energy 
development projects. 
FE capital (oil rigs and platforms, etc.) lifetime is 20 years. 
The equations used in STELLA II' s calculation and the flow diagram and the results 
obtained from the calculation is demonstrated below (figure AS-i and table A5-1). 
Figure A4-1 Flow diagram for calculating initial FE capital 
capital accumulation 
0 	".time 
capital formation 	capital depreciation 
FE capital 	= FE capital (t-dt) + dt*(FE capital formation-FE capital 
depreciation) 
FE capital formation = GRAPH (time) 
(1961,7); (1962,7); (1963,7); (1964,7); (1965,7); 
(1966,7); (1967,15); (1968,15); (1969,15) 
FE capital depreciation = 20 
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Appendix 4: Estimated 1970 FE capital 
Table A4-1 	Estimated cumulative FE capital (results from the calculation) 
Year Capital formation Capital depreciation Cumulative capital 
1961 7.2 0.00 0.00 
1962 7.2 0.36 7.20 
1963 7.2 0.70 14.04 
1964 7.2 1.03 20.54 
1965 7.2 1.34 26.71 
1966 7.2 1.63 32.58 
1967 14.7 1.91 38.15 
1968 14.7 2.55 50.94 
1969 14.7 3.15 63.09 
1970 14.7 74.64 
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Appendix 5: ISIC 
International Standard Industrial Classification 126 
Division 	Classification 
1 	Agriculture, hunting, forestry, and fishing 
2 	Mining and quarrying 
21 	Coal mining 
22 	Crude Petroleum and Natural gas production 
23 	Metal mining 
24 	Other mining 
3 	Manufacturing 
31 	beverages, and tobacco 
32 	Textile, wearing apparel, and leather industries 
33 	Manufacture of wood products, including furniture 
34 	Manufacture of paper and paper products, printing and publishing 
35 	Manufacture of chemicals and chemical, petroleum, coal, rubber, and plastic 
products 
36 	Manufacture of non-metallic mineral products, except petroleum and coal 
37 	Basic metal industries 
38 	Manufacture of fabricated metal products, machinery, and equipment 
39 	Other manufacturing industries 
4 	Electricity, gas, and water 
5 	Construction 
6 	Wholesale and retail trade, restaurants, and hotels 
7 	Transport, storage, and communication 
8 	Financing, insurance, real estate, and business services 
9 	Community, social, and personal services 
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Appendix 6 : Model equations 
Energy demand sector 
agricultural_ED_per_output = IF time<=1980 then 15 Else if time <=2010 then 22 else 25 
agricultural_energy_demand = agricultural _ output* agricultural_ED_per_outputl  1000 
average_commercial_energy_price = SMTH 1 (commercial _energy_price, 10) 
domestic _EDM = domestic_EDMFID*domestic_EDMFEP 
domestic _EDMFEP = SMTH1(EDMFEP,5) 
domestic EDMFID = if IOPC ratio<4 then domestic EDMFID1 Else 0.6769*IOPCratio0.5254 
domestic_EDMFID I = GRAPH(IOPC ratio) 
(1.00, 1.00), (1.50, 1.08), (2.00, 1.13), (2.50, 1.20), (3.00, 1.26), (3.50, 1.32), (4.00, 1.40), 
(4.50, 1.49), (5.00, 1.58) 
domestic—ED—PC—normal = if time= 1970 then 97.6 else 101 
domestic _ED_per_capita = do mestic_EDM* domestic_ED_PC_normal 
domestic_energy_demand = (population* 1  000000*domestic_ED_per_capita)/1 000000 
EDMFEP_adjusted_time = 5 
EDMFEP(t) = EDMFEP(t - dt) + (EDMFEP_adjusted) * dt 
MIT EDMFEP = 1 
EDMFEP_adjusted = EDMFEP*price_elasticit yfEDMFEP_adjusted_time 
ELDMFID = IF IOPC_ratio<= 5 then ELDMFID1 else ELDMFID2 
ELDMFID 1 = GRAPH(SMTH 1 (IOPC_ratio,3)) 
(1.00, 1.00), (1.50, 1.57), (2.00, 1.88), (2.50, 2.11), (3.00, 2.30), (3.50, 2.46), (4.00, 2.60), 
(4.50, 2.72), (5.00, 2.83) 
ELDMFID2 = 1 .0447*L0GN(SMTH  1 (IOPC_ratio,3))+ 1.1542 
ELDMFID_delay = DELAY(ELDMFID,2) 
ELDMFEPR = GRAPH(SMTH 1 (EL_relative_price, 10)) 
(0.00, 2.50), (0.5, 1.57), (1.00, 1.00), (1.50, 0.63), (2.00, 0.4) 
fmal_energy_demand = 
domestic _ energy _demand+production_energy_demand+transport energy demand 
industrial_EDMFEP = IF average_commercial_energy_price<=5 THEN industrial_EDMFEP 1 ELSE 
industriaLEDFEP2 
mdustrial_EDMFEP 1 = GRAPH(average_commercial_energy_price) 
(0.5, 1.10), (1.00, 1.00), (1.50, 0.699), (2.00, 0.584), (2.50, 0.507), (3.00, 0.452), 
(3.50, 0.41), (4.00, 0.377), (4.50, 0.35), (5.00, 0.328) 
industrial_EDMFEP2 = 0.9029*average_commerciaI_energy_priceA0.6299 
industrial_EDMFEP_delay = SMTH 1 (industrial _EDMFEP,5) 
industrial_ED_per_output = industrial_EDMFEP_delay* industrial_energy_demand_normal 
industrial_energy_demand = (industrial_output* industrial_ED_per_output)/1 000 
industrial_energy_demand_normal = if time= 1970 then 55.5 else 67 
IOPC_ ratio _delay = DELAY(IOPC2Iff'IIT(IOPC2), 10) 
non_EL_commercial_energy_demand = final_energy_demand-EL_demand-
traditional_energy_demand 
price_elasticity = GRAPH(SMTH 1 (commercial _energy_price_change%,5)) 
(-100, 0.28), (-75.0, 0.21), (-50.0, 0.14), (-25.0, 0.07), (0.00, 0.00), (25.0, -0.07), 
(50.0, -0.14), (75.0, -0.21), (100, -0.28) 
production_energy_demand = 
agricultural_energy_demand+industrial_energy_demand+service energy demand 
service _ED_per_output = 4.75 
service_energy_demand = (se rvice_output* service_ED_per_output)! 1000 
traditional_EDMFID_delay = DELAY(( 1.1919* EXP(-O. 15 * IOPC_ratio)),2) 
traditional_energy_demand = final_energy_demand*traditional_energy_fraction 
traditional_energy_fraction = traditional_energy_fraction_normal*traditional_EDMFID delay 
traditional_energy_fraction_normal = 0.41 
268 
Appendix 6: Model Equations 
Energy demand sector (cont.) 
traditional_energy_production = traditional _energy_demand/0.5 8 
transport_EDM = transport_EDMFEP*transpo rt_EDMFID 
transport _EDMFEP = SMTH1(EDMFEP,5) 
transport_EDMFID = IF IOPC_ratio<=5 then transport_EDMFID1 else if IOPC_ratio <=15 then 
(1 .2902*IOPC  ratio"0.86 17) else transport _EDMFID2 
transport _ED_PC_normal = if time= 1970 then 46.5 else 62 
transport_ED_per_capita = transport_EDM*transpo rt_ED_PC normal 
transport_energy_demand = populationttransport_ED_per_capita 
transport_EDMFID 1 = GRAPH(IOPC_ratio) 
(1.00, 1.00), (1.50, 1.60), (2.00, 2.30), (2.50, 2.80), (3.00, 3.30), (3.50, 3.80), (4.00, 4.30), 
(4.50, 4.70), (5.00, 5.20) 
transport_EDMFID2 = GRAPH(IOPC_ratio) 
(15.0, 13.3), (20.0, 15.5), (25.0, 16.8), (30.0, 17.8), (35.0, 18.3), (40.0, 18.8), (45.0, 19.0), 
(50.0, 19.3), (55.0, 19.5), (60.0, 19.8), (65.0, 20.0), (70.0, 20.0) 
Electricity sector 
FFPP_installed_capacity(t) = FFPP_installed_capacity(t - dt) + (FFPP_completion 
FFPP_depreciation) * dt 
INIT FFPP_installed_capacity = 885 
FFPPcompletion(o) = CONVEYOR OUTFLOW 
FFPP_depreciation = FFPP_installed_capacity/FFPP_lifetime 
FFPP_on_going_project(t) = FFPP_on_gomg_project(t - dt) + (FFPP_investment 
FFPP_completion) * dt 
INIT FFPP_on_gomg_project = 71,221,136 
TRANSIT TIME =3 
INFLOW LIMIT = INF 
CAPACITY = INF 
FFPP investment = EL_annual investment-HPP investment 
FFPP_completion(o) = CONVEYOR OUTFLOW 
HPP_installed_capacity(t) = HPP_installed_capacity(t - dt) + (HPP_completion - HPP_depreciation) 
* dt 
INIT HPP_installed_capacity =451 
HPP_completion(o) = CONVEYOR OUTFLOW 
HPP_depreciation = HPP_installed_capacity/HPP_lifetime 
HPP_on_going_project(t) = HPP_on_going_project(t - dt) + (HPP_investment - HPP_completion) 
* dt 
INTl HPP_on_going_project = 33,50,10,404,18,18,18,18 
TRANSIT TIME =8 
INFLOW LIMIT = INF 
CAPACITY = INF 
HPP investment = IF TIME<= 1986 then HPP investment I else IF TIME <2007 THEN 200 ELSE 
100 
HPP_completion(o) = CONVEYOR OUTFLOW 
EL—additional _capacity = IF EL_capacity_ratio<=0.70 then 0 else (EL_capacity ratio- 
0.70)* EL_total_capacity 
EL—annual—investment = MAX(0,(EL_additional capacity/EL investment adjusted time)) 
EL_average_plant_efficiency = GRAPH(TIME) 
(1970, 0.33), (1980, 0.34), (1990, 0.38), (2000, 0.42), (2010, 0.455), (2020, 0.5), 
(2030, 0.525), (2040, 0.525), (2050, 0.525) 
EL capacity forecast = FORCST(EL_capacity_required, 10, 15,0.15) 
EL_capacity_ratio = EL_capacity_forecastfEL total capacity 
a 
EL_capacity_required = EL_peak_de mand*EL_GRM 
EL—capital—required = FFPP_capitl_required+HPP_capital required 
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Appendix 6: Model Equations 
Electricity sector (cont.) 
EL_CU_factor = EL_generati onl(EL_total_capac ity*8760/1 000) 
EL demand = EL_ demand  _fraction*  final_energy_demand 
EL_  demand _fraction = EL_fraction normal*ELDMFID delay*ELDMFEPR 
EL-domestic-installed-capacity = FFPP_installed_capacity+HPP_installed_capacity 
EL-FE-required = ((FFPP_generationlEL_average_plant_efficiency)*85 .2/1000) 
EL-fraction-normal = 0.04 
EL_generation = (EL _demand* 11 .7357)*EL_loss&own_use_factor 
EL_GRM = IF time<2000 then 1.15 ELSE 1.25 
EL-imported-capacity = IF time<1999 or time >2010 then 0 else EL_importl 
EL_importi = GRAPH(TIME) 
(1999, 500), (2000, 1000), (2001, 1500), (2002, 2250), (2003, 3000), (2004, 3000), 
(2005, 3000), (2006, 3000), (2007, 3000), (2008, 3000), (2009, 2000), (2010, 1000) 
EL-investment _adjusted-time = if time<1980 then 7 else if time >1985 and time<1998 then 6 else if 
time> 1997 then EL_investment_adjusted_time 1 else 12 
EL-investment-adjusted-time 1 = if EL-CU factor<0.55 then 11 else 9 
EL-load-factor = GRAPH(TIME) 
(1970, 0.66), (1980, 0.69), (1990, 0.71), (2000, 0.74), (2010, 0.77), (2020, 0.78), 
(2030, 0.79), (2040, 0.8), (2050, 0.8) 
EL_loss&own_ use _factor = GRAPH(TIME) 
(1970, 1.16), (1990, 1.14), (2010, 1.12), (2030, 1.10), (2050, 1.10) 
EL_peak_demand = (EL_generationlEL_load_factor)/8760* 1000 
EL_price = IF time <1996 then EL_price_history else EL_price_adjusted 
EL_relative_price = EL_price/commercial_energy_price 
EL-total-capacity = EL_domestic_installed_capacity+EL_imported -capacity 
FFPP_ capital _required = SMTH 1 (FFPP_investment*FFPP_unit capital cost,2) 
FFPP_generation = (1 fraction_HPP_generation)* EL_generation 
FFPP_lifetime = 25 
FFPP unit capital cost = GRAPH(TIME) 
(1970, 3.40), (1980, 4.70), (1990, 5.70), (2000, 8.60), (2010, 12.8), (2020, 17.2), 
(2030, 23.1), (2040, 31.1), (2050, 41.7) 
fraction_HPP_generation = GRAPH(TIME) 
(1970, 0.39), (1975, 0.28), (1980, 0.2), (1985, 0.15), (1990, 0.11), (1995, 0.07), 
(2000, 0.05) 
HPP_capital_required = SMTH I (HPP_ investment* HPP unit capital cost,2) 
HPP_generation = EL_generatio n* fraction_HPP_generation 
HPP_generation_ktoe = HPP_gene ration* 85.21/1000 
HPP investment! = GRAPH(TIME) 
(1970, 18.0), (1971, 378), (1972, 116), (1973, 185), (1974, 12.0), (1975, 243), 
(1976, 324), (1977, 132), (1978, 202), (1979, 57.0), (1980,48.0), (1981, 48.0), 
(1982, 227), (1983, 53.0), (1984, 60.0), (1985, 189), (1986, 180) 
HPP lifetime = 50 
HPP_unit_capital_cost = GRAPH(TIME) 
(1970, 6.90), (1980, 9.30), (1990, 12.5), (2000, 16.8), (2010, 22.6), (2020, 30.3), 
(2030, 40.8), (2040, 54.8), (2050, 73.6) 
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Appendix 6: Model Equations 
Fossil Energy sector 
FE—capital(t) = FE_capital(t - dt) + (FE_capital_fonnation - FE—capital—depreciation) * dt 
[NIT FE_capital = 74.6 
FE_capital_formation = DELAY(FE_investment,8) 
FE_capital_depreciation = FE_capitaLfFE_capital_Iifetune 
FE—recoverable _reserves(t) = FE_recoverable_reserves(t - dt) + (- FE—production) * dt 
INIT FE 
—
recoverable—reserves = 1474155 
FE_production = FE_production_capacity*FE_annnual utilisation  factor 
FEannnualutilisation factor = IF time< 1983 then 0.5 else FEannualutilisationfactorl 
FE_annual_utilisation_factorl = GRAPH((EL_FE_required/0.90)IFE_production capacity) 
(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 0.85), (1.20, 0.87), 
(1.40, 0.89), (1.60, 0.9) 
FE—average _ return _on_investment = SMTH 1 (FE_return_on_investment,5,0. 12) 
FE_capacity_demand_ratio = FE_production_capacity/FE_gross demand 
FE_capacity_to_capital_ratio = 
FE_capacity to capital ratio normal* FE  capital effic iency multipl ier 
FE_capacity_to_capital_ratio —normal = 1.8 
FE_capital_lifetime = 20 
FE—capital _efficiency_multiplier = GRAPH(FE_ fraction _remaining) 
(0.00, 0.00), (0. 1, 0.02), (0.2, 0.07), (0.3, 0.16), (0.4, 0.26), (0.5, 0.6), (0.6, 1.00), 
(0.7, 1.00), (0.8, 1.00), (0.9, 1.00), (1, 1.00) 
FE_demand = non_EL_commercial_energy_demand+EL FE required 
FE_fraction_remaining = FE_recoverable_reserves/INIT(FE recoverable reserves) 
FE_fraction_ revenue _reinvested = GRAPH(FE_average_return_on_investment) 
(0.00, 0.00), (0.02, 0.02), (0.04, 0.05), (0.06, 0.08), (0.08, 0.13), (0.1, 0.22), (0.12, 0.37), 
(0. 14, 0.52), (0.16, 0.57), (0.18, 0.59), (0.2, 0.6) 
FE_gross_demand = FE_demandl0.95 
FE_imports = MAX(FE_gross_demand-FE_production,O) 
FE—investment = if time< 1985 then FE_investment 1 else 
FE revenue* FE_fraction_revenue_reinvested 
FE—investment 1 = GRAPH(TIME) 
(1970, 58.0), (1971, 58.0), (1972, 604), (1973, 538), (1974, 438), (1975, 421), (1976, 400), 
(1977, 1765), (1978, 1624), (1979, 1468), (1980, 1226), (1981, 1083), (1982, 1215), 
(1983, 1171), (1984, 1161) 
FE_price_fraction = FE_unit_price/INIT(FE_unit_price) 
FE_production_capacity = FE_capital*FE_capacity to capital ratio 
FE_return_on_investment = ((FE_ unit_price FE_unit_capita1_cost)*FE_production),pEcapjta1  
FE_revenue = FE_production * FE_unit_price 
FE—unit—capital—cost 0.175 *( 1 /FE_capac ity_to_capital ratio) 
FE_unit_price = MIN(FE_import_price, FE_unregulate_price) 
FE_unregulate_price = FE_unit_capital_cost*FE_unregulate_price ratio 
FE_unregulate_price_fraction = FE_unregulate_price/INIT(FEunregulate_price) 
FE_unregulate_price_ratio = GRAPH(FE_capacity_demand_ratio) 
(0.00, 6.00), (0.25, 5.40), (0.5, 4.00), (0.75, 3.00), (1.00, 2.40), (1.25, 1.86), (1.50, 1.50), 
(1.75, 1.20), (2.00, 1.00) 
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Production sector 
desired—capital(t) = desired_capital(t - dt) + (des ired_capital_increase) * dt 
INIT desired—Capital = 35606 
desired _capital—increase = desired _ capital* fraction increase in desired capital 
industrial—Capital(t) = industrial_capital(t - dt) + (indcap_formation - indcap_depreciation) * dt 
INIT industrial _capital = 79800 
indcap_formation = DELAY((capital_allocated to indinv-capital allocated to obtaming energy),2) 
m indcap_depreciation = dustrial_capital/indcap lifetime 
service—capital(t) = service_capital(t - dt) + (sercap_formation - sercap_depreciation) * dt 
INIT service_capital = 138837 
sercap_formation = 
DELAY((fraction capital allocated to serinv* capital available for investment),2) 
sercap_depreciation = service _capital/sercapliftime 
capital_allocated_to_indinv = fraction_capital_allocated to indi nv* capital available for investment 
capital—available —for—investment = indout_allocated_to investment+imported capital 
fraction _capital_allocated to agrinv = 0.10 
fraction_capital_allocated to indinv = 1 -fraction —capital—allocated _to agrinv-
fraction_capital_allocated to serinv 
fraction_capital_allocated to serinv = GRAPH(serout ratio) 
(0.5, 0.7), (0.625, 0.7), (0.75, 0.65), (0.875, 0.6), (1.00, 0.5), (1.13, 0.4), (1.25, 0.4), 
(1.38, 0.4), (1.50, 0.4) 
fraction—increase in desired capital = if time< 1986 then 0.06 else IF time>= 1986 and time <1991 
then 0.20 else if time >=1991 and time <1997 then 0.06 else if time >=1997 and time<2001 
then 0.025 else 0.05 
fraction_indout_allocated to investment = 1 -fraction_indout_allocated_to_consumption 
fraction_indout_allocatedto export 
fraction_indout_allocated_to_consumption = GRAPH(IOPC) 
(0.00, 0.8), (1000, 0.6), (2000, 0.4), (3000, 0.325), (4000, 0.3), (5000, 0.3), (6000, 0.3), 
(7000, 0.3), (8000, 0.3), (9000, 0.3), (10000, 0.3) 
fraction_indout_ allocated _to_export = GRAPH(TIME) 
(1970, 0.06), (1980, 0.2), (1990, 0.39), (2000, 0.55), (2010, 0.55), (2020, 0.55), 
(2030, 0.55), (2040, 0.55), (2050, 0.55) 
imported _capital = MAX(desired_capital-indout_allocatedtoinvestment,O) 
indcap_lifetime = 35 
indcap_to_indout ratio = 2.2 
indicated SOPC 9.0396*IOPC0.7777 
indout allocated to investment = industrial output* fraction_indout al located to investment 
indout_ for _consumption = fraction _indout allocated to cOnsumption* industrial output 
indout_for_exports = fraction _indout allocated to expo rt* industrial_output 
industrial output = industrial_capitallindcaptoindoutratio 
IOPC = industrial—output/population 
IOPC2 = industrial _output/population 
IOPC ratio = IOPC/INIT(IOPC) 
sercap_liftime = 35 
sercap_to_serout_ratio = 2.2 
serout_ratio = SOPC/indicatedSOpC 
service output = service_capital/sercaptoseroutratjo 
total_output = agricultural_output+industrialoutput+serviceouq,ut 
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Population sector 
average_population_growth_rate(t) = average_population_growth_rate(t - dt) + (PGR_adjusted) * dt 
INIT average_population_growth_rate = 3.07 
PGR_adjusted = (population_growth_rate_PGR-
average_population_growth_rate)/PGR adjusted time 
population(t) = population(t - dt) + (population_growth) * dt 
INIT population = 36.37 
population growth = population*population_growth fraction 
fraction serout allocated to social —service = 0.0823 *LOGN(p opulation  growth ratio)+0 1234 
GCM = IF IOPC2<10000 then GCMSSPC*GCMIOPC else GCMSSPC 
GCMIOPC = IF TIME=1970 then 1 else 0.9293*IOPC_ratio_delay'0.4681 
GCMSSPC = if time = 1970 then 1 else 0.9585*SSPC ratio delay"-O.8683 
PGR_adjusted_tisne = 5 
population_growth_fraction = population_growth_rate PGR/1 00 
population _growth _ rate _normal = 3.07 
population _growth_rate PGR = population_growth_rate_normal*SMTH 1 (GCM,if time<2000 then 2 
else 10) 
population_growth_ratio = average_population_growth 
—
rate/target—growth rate 
social _service_per_capita_SSPC = SOPC2 * fraction_serout_allocatedtosocialsej-yice 
SOPC = service _output/population 
SOPC2 = service—output/population 
SSPC_ratio_delay = 
DELAY(social_service_per capita SSPC/INIT(social service_per cap ita SSPC),5) 
target_growth_rate = if time<2000 then 1 else target_growth_rate 1 
target_growth_rate 1 = GRAPH(TIME) 
(2000, 0.81), (2010, 0.63), (2020, 0.62), (2030, 0.49), (2040, 0.26), (2050, 0.26) 
Supplementary equations 
Energy balance 
capital_allocated_to_obtaining_energy = EL_capital_required+FE_investment 
energy_capital_to_GDP = capital_allocated_to_obtaining_energy/total output 
energy_capital_to_ total _capital = 
capital_allocated_to_obtaining_energy/capital available for investment 
gross_energy_demand = gross_energy_import+gross energy_production 
gross_energy_import = FE_imports 
gross_energy_production = FE_production+HPP_generationktoe+traditjonalenergy_production 
Energy price 
average_FE_consumer_price(t) = average_FE_consumer_price(t - dt) + (FE_price change) * dt 
ThTIT average_FE_consumer_price = 1 
FE_price_change = FE_average_price_fractionaverage FE consumer —Price
commercial_energy_price_adjusted(t) = commercial_energy_price_adjusted(t - dt) + 
(price _change) * dt 
INIT commercial_energy_price_adjusted = 1 
price—Change = IF time< 1996 THEN (commercial_energy_price_history-
commercial_energy_price_adjusted) ELSE (average_FE_consumer_price-
commercial_energy_price_adjusted) 
commercial_energy_price = IF time<1996 then commercial_energy_price history else 
commercial _energy_price_adjusted 
commercial_energy_price2 = 1.02 *( 1 .0+fraction_increase_import_price)A(time- 1994) 
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Supplementary equations (cont.) 
commercial _energy_price_change% = price _change/commercial_energy_price adj usted* 100 
commercial _energy_price_history = if time< 1995 then commercial_energy_price 1 else 
commercial_energy_price2 
commercial _energy_price 1 = GRAPH(TIME) 
(1970, 1.00), (1971, 1.02), (1972, 0.989), (1973, 0.974), (1974, 1.22), (1975, 1.17), 
(1976, 1.11), (1977, 1.16), (1978, 1.14), (1979, 1.44), (1980, 1.85), (1981, 1.97), 
(1982, 1.87), (1983, 1.73), (1984, 1.64), (1985, 1.59), (1986, 1.44), (1987, 1.39), 
(1988, 1.29), (1989, 1.28), (1990, 1.36), (1991, 1.29), (1992, 1.20), (1993, 1.15), 
(1994, 1.02) 
EL_price_adjusted(t) = EL_price_adjusted(t - dt) + (EL_price_adjusted rate) * dt 
INIT EL_price_adjusted = 1 
EL_price_adjusted_rate = IF time <1996 then (EL_price_history-EL_price_adjusted) ELSE 
(EL_price_adjusted*commercia1energy_prjcecaflge%/ 00) 
EL_price fraction! = GRAPH(TIME) 
(1970, 1.00), (1971, 0.941), (1972, 0.868), (1973, 0.773), (1974, 0.863), (1975, 0.842), 
(1976, 0.8), (1977, 0.798), (1978, 0.862), (1979, 0.779), (1980, 0.932), (1981, 1.22), (1982, 
1.21), (1983, 1.13), (1984, 1.12), (1985, 1.09), (1986, 1.09), (1987, 1.02), (1988, 0.979), 
(1989, 0.923), (1990, 0.881), (1991, 0.841), (1992, 0.796), (1993, 0.776), (1994, 0.72) 
EL_price_fraction2 = 0.72*( 1 .0+fraction_increase_import_pricey'(TIME- 1994) 
EL_price_history = if time< 1995 then EL_price_fraction! else EL_price_fraction2 
FE_average_price_fraction = 
FE_gross demand 
FE_import_price = if time <1995 then FE_import_price 1 else 
0.725*(! +fraction_increase_import_price)A(TIME 1994) 
FE_import_price 1 = GRAPH(TIME) 
(1970, 0.4), (1971, 0.4), (1972, 0.37), (1973, 0.38), (1974, 0.917), (1975, 0.967), 
(1976, 1.01), (1977, 1.03), (1978, 0.928), (1979, 1.24), (1980, 1.27), (1981, 1.89), 
(1982, 1.99), (1983, 1.70), (1984, 1.71), (1985, 1.85), (1986, 1.02), (1987, 0.954), 
(1988, 0.875), (1989, 0.953), (1990, 1.15), (1991, 1.01), (1992, 0.891), (1993, 0.825), 
(1994, 0.725) 
FE_import_price_fraction = FE_import_price/INIT(FE import_price) 
fraction_increase_import_price = IF time <2001 then 0.03 else 0.03 
Agricultural production 
agricultural _output = IF TIME> 1994 then agricultural_output2 else agricultural output! 
agricultural_output I = GRAPH(TIME) 
(1970, 38493), (1971, 39986), (1972, 47093), (1973, 61540), (1974, 58038), (1975, 61884), 
(1976, 65411), (1977, 64121), (1978, 68667), (1979, 70710), (1980, 61831), (1981, 57585), 
(1982, 52558), (1983, 59929), (1984, 55823), (1985, 52437), (1986, 54698), (1987, 61474), 
(1988, 73073), (1989, 76912), (1990, 71188), (1991, 77675), (1992, 82689), (1993, 74048), 
(1994, 78420) 
agricuhura!_output2 = 78420*1.03 ^(TIME-  1994) 
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THAILAND'S ENERGY POL!CY 
S. Keeratiwiriyaporn and H.W. Whittington 
Department of Electrical Engineering, University of Edinburgh. 
ABSTRACT 
As one of the tiger economies of South East Asia, Thailand's rapid movement from an agriculturally-based 
economy to one based on industry has resulted in severe tensions being placed on the energy supply within the 
country. The Thai government recognises that successful development can only continue if a secure and affordable 
energy supply is available. This paper reviews the historical development of energy supplies within Thailand, 
identifies the major features controlling the energy economy and discusses future directions and developments for 
this crucial element of the development of Thailand. 
INTRODUCTION 
The provision of sufficient energy to meet the demand 
has long been the prime objective of Thailand's 
energy policy (1). In the past, this objective was 
achieved through a combination of domestic 
production and imports of energy, with the relatively 
modest increase in energy consumption (5% per year) 
being met by renewable energy (fired wood) 
utilisation. An energy shortage (mainly fossil fuels) 
had never been an issue in Thailand. 
In recent years, the position has changed significantly. 
A remarkable increase in energy consumption, fossil 
fuels in particular, resulting from rapid economic 
growth, has prompted energy planners to consider 
possible future energy supply, and likely problems 
which come as a consequence of energy production 
and utilisation. Thailand now is developing an energy 
policy in order to avoid shortages, unreliability, and to 
a lesser extent, environmental damage. 
This paper addresses two important issues related to 
energy development in Thailand features controlling 
energy development and its future direction. 
BACKGROUND INFORMATION (2) 
Thailand is located in the Southeast Asian Continent. 
Its surrounding countries are Cambodia to the East, 
Lao PDR to the East and Northeast, Myanmar to the 
West and Northwest, and Malaysia to the South (figure 
I). Thailand's land area is about 513,000 km' and 
geologically divided into 4 regions the North, South, 
Northeast and Central. The climate is humid tropical 
with two seasons : rainy and dry, with average 
temperature between 24-33 degrees Celsius. 
















In 1995, population of Thailand was estimated at 59.0 
million, 1.2 % increase from the previous year. With 
the GDP growth rate about 7 % per annum since 1987 
(over 10% during 1987-90), it is recognised as one of 
the more advanced developing countries in Asia. The 
share of GDP in recent years is shown in figure 2. 
AN OVERVIEW OF ENERGY SITUATION (3) 
3.1 Final energy consumption 
Final energy consumption in Thailand has, for a long 
time, shown a rising trend. However, when Thailand 
entered a period of rapid economic growth (during the 
last 10 years), this trend increased to more than 10 % 
per annum (figure 3). In 1995, the total energy 
consumption represented 48.8 Mtoe, of which 
transport and industry contributes the first and second 
highest proportion (figure 4). 
How this additional demand will be met is now of 
direct concern of the Thai government. 
Figure 2 the Thai economy share of GDP 
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As transportation and industrial sector are major 
consumers of energy, it is not surprising that the type 
of energy demanded within the country has also 
evolved - increasing use of fossil fuel, while reducing 
utilisation of renewable energy. 
Despite recent setbacks in the Thai economy, it is 
expected that the final energy consumption (mainly 
from fossil fuel) will be increase further, though with a 
relatively slower rate. 
Figure 4 Final energy consumption by Economic 
sector 
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3.2.1 Types of energy 
Of the total primary energy supply in 1995, petroleum 
energy (natural gas, crude oil and oil products) shared 
the major proportion (60 %), leaving the rest to be 
shared among renewable energy (mostly fire-wood 
used for cooking in rural area) and coal (figure 5). The 
contribution of petroleum energy is expected to 
increase further, as the country continues its 
industrialisation processes. 
Figure 5 Energy supply by type of energy. 
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3.2.2 Domestic production 
The oil crisis of the 1970's which resulted in 
significantly high oil prices forced Thailand to put 
more effort in producing energy from their own 
sources. By the end of 1980s, domestic production of 
fossil energy (natural gas and lignite) was accelerated, 
leading to a dramatic increase in volume of fossil 
energy produced locally, from about 0.1 M toe in 1970 
to 17.9 M toe in 1995 (figure 6). This increase was 
contributed mainly by the accelerating exploration and 
production of natural gas and lignite, Thailand's most 
promising fossil energy. 
3.2.3 Import dependence 
Thailand is not self-sufficient in energy supply, and a 
major proportion of the energy consumed in the 
country needs to be imported (45% of the total in 
1995). Indeed, the contribution of energy imports is 
really significant if taking account only the composite 
sources of fossil energy. Figure 7 depicts the 
magnitude of energy imports over the past 25 years, 
while figure 8 depicts that of crude oil and oil 
products. 









2- 	 gnita 







Figure 9 Trend of energy imports. 
Figure 7 Supply of fossil energy over the past 25 years 
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4. ENERGY POLICY 
Before 1982, almost all of fossil energy supplied in the 
country were imported. By boosting up domestic 
production of fossil energy, during 1982-86, the 
proportion of fossil energy imports to fossil energy 
supplies was able to be kept unchanged. However, due 
to sharp increase in fossil energy consumption as a 
result of rapid economic growth, by the end of 1980s, 
the fossil energy imports once again resumed its 
increasing share. 
As fossil energy contributes a prime share of national 
energy supply, and Thailand is poorly endowed with 
fossil fuel reserves, the future share of imported 
energy is likely to increase further, with Thailand's 
continued expansion of industrialisation. Figure 9 
shows trend of total primary energy imports, where 
during the period 1986-95, it increased at an average 
rate of 15 % per year. 
Energy policy has long been formulated and 
incorporated into the country's national economic and 
social development plans. As mentioned earlier, the 
energy shortage was not, in the past, an issue to which 
the country had to pay attention. The policy 
formulated during those periods was, more or less, 
dedicated to powering the country's economic growth 
and to make energy available and accessible for most 
of citizens of the country. Energy system expansion 
and low energy prices were the prime keys that energy 
planners and operators pursued. 
The recent difficulty in providing sufficient energy to 
meet demand, resulting from insufficient energy 
sources, domestic capital constraint and increasing 
environmental concerns, have forced recent energy 
policies to include a demand side management aspect. 
However, the magnitude of implementation and 
enforcement are still somewhat small scale and far 
behind those concerning supply side implementation. 
Policies aiming to reduce the demand for energy are, 
for example : the introduction of demand side 
management (DSM) program aiming to reduce 
electricity consumption by 238 MW, that is about 2% 
of the country's 1995 peak demand; the 
implementation of pricing policy to alleviate price 
distortion, which can only change pattern of energy 
utilisation rather than exactly decrease energy 
consumption; the promotion of energy conservation in 
end-user levels of which the effectiveness is rather 
long term and needs continuous and sufficient 
stimulus. All of these, of course, will reduce energy 
consumption to some extent but may not be adequate 
to create desirable consequences on both energy 
conservation and environmental improvement. 
Eventually, the country may still struggle to raising 
energy supply to sufficiently meet the consistently 
increasing demand. 
5. CONCLUSION 
Thailand's energy supply situation is now at a 
crossroads. The factors that accommodated its past and 
present continuation - modest life style of Thai 
citizens, low energy price, easy access to foreign 
capital - may not be able to sustain it in the future. 
While Thailand still has some advantages over factors 
affecting energy demand i.e. the country has not yet 
been fully industrialised, most of Thai citizens still 
have modest life styles, and efficient technologies has 
already existed (although some are still expensive), it 
does not have any control over the factors influencing 
supply of energy i.e. energy prices in world market, 
lack of energy sources, lack of domestic capital. In the 
situation of recent economic stagnancy (when writing 
this paper the depreciation of Asian financial market 
has already occurred), whether Thailand should pursue 
energy policy that gives more emphasis on demand 
aspect or the policy that still pays more attention on 
supply aspect, is the issues that the countries must re-
address. 
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